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SUMMARY 
During screens for novel secondary metabolite natural products, actinomycete 
isolates are often encountered which show antibiotic activity on agar which 
cannot be reproduced in liquid culture. In this study, it was found that the 
submerged culture morphology of "Streptomyces" species, producing 
antibiotic on solid media only, was fragmented compared with that of the 
filamentous mycelia of antibiotic-producing "Streptomyces" .A stirred 
bioreactor, carbon-limited culture produced results consistent with those 
obtained in shake-flasks. In this case shear resulted in mycelial 
fragmentation and a loss in antibiotic production. 
Several liquid culture techniques (celite immobilization, hyphal selection: 
filtration, nutrient optimisation and mini-airlift - all using carbon-, 
nitrogen- and phosphate-limited media) were employed to promote antibiotic 
production from fragmenting organisms. The hyphal selection screen proved 
the most successful. Using this technique a stable phenotype exhibiting 
antibiotic production in liquid culture, in conjunction with a filamentous 
morphology, was obtained. 
The cell wall biochemistry of the wild-type and stable phenotype was 
investigated. The isomeric form of DAP and amino acid content proved 
identical but a difference in enzyme activity (phospho-N-acetylmuramyl 
pentapeptide translocase) catalysing the first membrane bound reaction of 
cell wall synthesis, was displayed. 
i 
ACKNOWLEDGMENTS 
I would like to express my sincere gratitude to my supervisor, Dr. Michael 
Bushell for his unfailing advice and encouragement throughout the course of 
this study. It is also a pleasure to thank Dr. Robert Nolan for his help and 
guidance. 
I would like to thank the ICI group, particularly John Thain and John Stoppard 
for their help, which was greatly appreciated, during my visits to ICI 
Pharmaceuticals, Cheshire. 
I am grateful for the financial support from the Science and Engineering 
Research Council and from ICI Pharmaceuticals. 
ii 
DEDICATION 
To my mother and father, Winefrede and Arthur. 
iii 
CONTENTS 
Summary 
Acknowledgements 
Dedication 
List of figures 
List of tables 
List of plates 
I INTRODUCTION 
Page 
i 
ii 
ii 
x 
x1 
xi1 
1 
1 Screening for secondary metabolites - antibiotics I 
1 .1 Introduction 
1.2 Isolation procedures 
1.3 Fermentation 
1.4 Screening test: Procedure 
1.5 Screen design 
The Actinomycetales 
3 The Streptomyces 
3.1 Introduction 
3.2 Morphology and physiology 
3.3 Genetic control of morphology 
3.4 Variability 
3.5 Ecology 
3.6 Cultural characteristics 
4 Production of secondary metabolites 
5 Metabolic initiation of differentiation 
and secondary metabolism in actinomycetes 
1 
1 
4 
4 
5 
9 
1 
10 
12 
15 
15 
16 
17 
17 
19 
i 
Pnm 
age 
6 Morphology and its association with 
antibiotic production in submerged culture - 
exploitation of 'undiscovered' antibiotic- 
producing streptomycetes 
Aims 
22 
25 
II EXPERIMENTAL WORK 26 
1 General materials and methods 26 
1 .1 Isolation of potential antibiotic-producing Streptomyces 26 
1.2 Maintenance and preservation of Streptomyces 26 
1.3 Detection of antibiotic by the cup plate agar diffusion 27 
bioassay 
1.3.1 Challenge organisms 27 
1.3.2 Growth and maintenance of challenge organisms 28 
1.3.3 Bioassay 28 
1.4 Statistical analysis 29 
2 Antibiotic production on solid and liquid culture 30 
2.1 Introduction 30 
2.2 Materials and methods 31 
2.2.1 Droplet experiment 31 
2.2.2 Shake-flask experiment 31 
2.3 Results and discussion 34 
V 
3 Filtration experiment: Antibiotic production 45 
in liquid culture, from organisms initially 
producing on solid media only 
3.1 Introduction 
3.2 Materials and method 
3.3 Results and discussion 
4 Effect of an acrylic resin (Junlon) on 
morphology and antibiotic production 
4.1 Introduction 
4.2 Materials and method 
4.3 Results and discussion 
45 
46 
48 
57 
57 
57 
58 
5 Time course study of biomass and antibiotic 62 
production of a test retentate and filtrate 
5.1 Materials and Method 62 
5.2 Results and discussion 62 
6 The hyphal growth unit of a retentate and 66 
a filtrate 
6.1 Introduction 
6.2 Materials and method 
6.3 Results and discussion 
7 Effect of varying nutrient concentrations 
on morphology and antibiotic production 
7.1 Introduction 
7.2 Materials and method 
7.3 Results and discussion 
66 
67 
68 
80 
80 
80 
81 
vi 
8 Stirred bioreactor and mini-airlift 
fermentations 
Stirred bioreactor batch fermentation 
Introduction 
Materials and method 
i) Mini-airlift fermentation 
Introduction 
Materials and method 
iii) Results and Discussion (i) 
9 Celite immobilization 
9.1 Introduction 
9.2 Materials and method 
9.2.1 Preparation of celite 
9.2.2 Celite immobilization 
9.2.3 Biomass 
9.3 Results and discussion 
and (ii) 
10 Selection of a stable phenotype with a retentate- 
type morphology 
10.1 Materials and method 
10.2 Results and discussion 
Biochemistry of the cell wall 
11 .1 Introduction 
11 .2 Materials and methods 
11 .3 Results and 
discussion 
vii 
90 
90 
90 
91 
92 
92 
93 
101 
104 
104 
104 
104 
105 
105 
107 
109 
109 
110 
11 
113 
114 
118 
Page 
12 Tunicamycin used as a biochemical tool to 
investigate cell wall differences between a 
wild-type and stable phenotype streptomycete 
124 
12.1 Introduction 124 
12.2 Materials and method 
12.2.1 Preparation of particulate enzyme 
12.2.2 The exchange reaction 
12.2.3 HPLC operation 
125 
125 
126 
128 
12.3 Results and discussion 135 
iii GENERAL DISCUSSION 
IV APPENDICES 
Appendix 1 
Appendix 2 
Appendix 3 
Appendix 4 
Appendix 5 
Appendix 6 
Appendix 7 
Appendix 8 
Appendix 9 
Appendix 10 
Appendix 11 
Appendix 12 
137 
142 
Relative importance of antibiotic-producing 142 
organisms 
Factors influencing the yield of secondary 143 
metabolites 
Media preparation 
Distribution of X2 
Scanning electron microscopy 
145 
148 
149 
Selection of retentate-type morphology 151 
Line pore size dimensions (gm), calculated 152 
using an eyepiece graticule on a Vickers light 
microscope 
Antibiotic detection (solid and liquid culture) 153 
and'filtration of (A) neutrophilic and (B) 
acidophilic streptomycetes 
Dry weight method 156 
Standard curve of glucose concentration 157 
Protein estimation 158 
Preparation of UDP-N-acetylmuramyl 159 
pentapeptide 
viii 
Dnm 
.e 
REFERENCES 161 
i 
LIST OF FIGURES 
Figure 
1 Sequence of events in a screen. 
2 Agar droplet assay method. 
D, %ei 
F., e 
8 
33 
3 Number of organisms producing activity on solid agar 38 
(droplet experiment) and in submerged culture 
(shake-flask experiment). 
4% distribution antibiotic activity from (A) droplet 39 
and (B) shake-flask results. 
5% agreement of inhibition per challenge assay 40 
for agar and Mg liquid cultures. 
6% agreement of inhibition per challenge assay 41 
for agar and MYB, M2, M4 liquid cultures. 
7 Biomass and antibiotic activity versus time of a 63 
retentate and a filtrate. 
8 Biomass and antibiotic activity versus time of a test 
organism sub-cultured in x 0.5, x 1.0 and x 2.0 
strength media. 
86 
9A bioreactor illustrating the rushton turbine 94 
impellor used. 
10 The mini-airlift fermenter (provided by ICI 95 
Pharmaceuticals). 
11 Biomass and glucose concentration from a retentate culture. 96 
12 Biomass and glucose concentration from a wild-type culture. 97 
13 Biomass and glucose concentration from a filtrate culture. 98 
14 "Ideal" design of a mini-airlift fermenter. 99 
15 DPM from UMP peak for wild-type and mutant. 130 
16 DPM from UMP peak for positive control. 131 
17 DPM from UMP peak for wild-type + tunicamycin 132 
and mutant + tunicamycin. 
18 DPM from UMP peak for negative control. 133 
19 Total DMP from UMP peaks for samples with and without 134 
tunicamycin. 
x 
LIST OF TABLES 
Table Page 
The number of organisms producing activity against 
challenge groups on M3 and MYA media. 
34 
Observed and expected values for the total number of 35 
antibiotic-producing organisms on M3 and MYA. 
3 Agreement values (%) of inhibition per challenge assay for 36 
agar and liquid cultures. 
4 Observed and expected values for % agreement of 37 
inhibition per challenge assay for agar and liquid cultures. 
Total number of antibiotic zones from retentates and 48 
filtrates for (A) test and (B) control organisms. 
6 Total number of observed and expected antibiotic zones 49 
from retentates and filtrates for (A) test and 
(B) control organisms. 
Total number of observed and expected antibiotic zones 50 
from retentates and filtrates with defined media. 
8 Total number of antibiotic zones from (A) test and 
(B) control organisms subcultured in media with 
and without Junlon. 
58 
9 Total number of observed and expected antibiotic zones 59 
from (A) test and (B) control organisms in media 
with and without Junlon. 
10 Biomass and antibiotic activity of (A) retentate and 62 
(B) filtrate. 
Hyphal growth units of retentates and filtrates 68 
subcultured in glucose-limited media. 
12 Hyphal growth units of retentates and filtrates 70 
subcultured in nitrogen-limited media. 
13 Hyphal growth units of retentates and filtrates 72 
subcultured in phosphate- limited media. 
14 Fragment lengths from glucose-, nitrogen and 74 
phosphate-limited filtrates. 
xi 
Table Page 
15 Average HGU (standard deviation) ýLrn of retentates and 74 
filtrates subcultured in glucose-, nitrogen- and 
phosphate-limited media. 
16 Average fragment lengths (gm) from glucose-, nitrogen- 75 
and phosphate-limited filtrates. 
17 Total number of antibiotic zones from x 0.5, x 1, x2 81 
strength media for (A) control and (B) test organisms. 
18 Total number of observed and expected antibiotic zones 82 
from x 0.5, x1 strength media for (A) control and 
(B) test organisms. 
19 Total number of observed and expected antibiotic zones 84 
from x 1, x2 strength media for (A) control and 
(B) test organisms. 
20 Total number of observed and expected antibiotic zones 85 
from x 0.5, x2 strength media for (A) control and 
(B) test organisms. 
21 Substrate and aerial myceliurn appearance and antibiotic 110 
activity from two wild-types (solid media) and the 
respective variants. 
22 Antibiotics of cell wall synthesis. 
23 DAP and amino acid analysis. 
24 Sensitivity of retentate and filtrate to tunicamycin. 
117 
118 
121 
xii 
LIST OF PLATES 
Plate Page 
1 Filamentous morphology of a retentate. 51 
2 Fragmented morphology of a filtrate. 51 
3 Filamentous morphology of a retentate at a greater 52 
magnification. 
4 An isolated fragment from a filtrate. 52 
5A linen pore with dimensions of 367 x 278 gm. 53 
6 The HGU (13.38 gm) of a mycelial tree from a 76 
retentate. 
7 The HGU (17.57 gm) of a mycelial tree from a 76 
filtrate. 
8 Morphology of a test organism subcultured in half 87 
strength media. 
9 Morphology of a test organisms subcultured in double 87 
strength media. 
10 Morphology of an antibiotic-producing test "fragmenting" 100 
organism. 
11 Morphology of a non-antibiotic-producing test organism. 100 
12A test organism producing antibiotic from a celite 106 
immobilized culture. 
13 TLC illustrating cell wall amino acid content of 120 
retentates and filtrates. 
xiii 
INTRODUCTION 
SCREENING FOR SECONDARY METABOLITES - ANTIBIOTICS 
Introduction 
The earliest systematic screen for a secondary metabolite with 
biological activity resulted in the discovery of Streptomycin in 1944 
by Waksman whose team [Schatz et al. ] isolated the actinomycete 
Streptomyces griseus. It was soon established that actinomycetes and 
in particular streptomycetes, have an unusual capacity for antibiotic 
production (appendix 1). Over the next forty years natural product 
screening concentrated on soil actinomycetes and resulted in the 
discovery of 4,600 novel antibiotics by 1984 [Berdy]. 
The sequence of events in a screen for antibacterial substances 
(figure 1) illustrates the principles of microbial screening in 
general. 
1 .2 Isolation Procedures 
Isolation methods are sometimes directed towards the detection and 
recognition of "rare" microorganisms not previously encountered; 
depending upon the objectives of the screen. There are four stages of 
selective isolation that can be recognised: - 
(i) Selection of the material containing microbes where soil has 
been the main habitat exploited (in the search for antibiotic- 
producing actinomycetes). Total isolation from the soil is initiated 
by diluting the sample usually over the range 1 in 103 to 1 in 106. 
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(ii) Pre-treatment of the material where heat treatments and air- 
drying of soil have frequently been used to decrease the numbers of 
bacteria appearing on actinomycete isolation plates. Both 
actinomycete spores and hyphal fragments are more resistant to heat 
and drying than Gram-negative bacterial cells. Unfortunately 
because most of the bacteria in soil are Gram-positive and Bacillus 
spores are also resistant to heat and desiccation, these methods are 
seldom of much general value and are used only for specific needs. 
However, drying plus mild heat pre-treatment coupled with 
selective media can yield isolation plates with many well separated 
actinomycete colonies suitable for high throughput screens [Nolan 
and Cross, 1988]. 
Methods used to separate microbial populations after sampling are 
considered to be pre-treatments. Generally the sample is diluted in 
an aqueous solution which suffers from the predisposition towards 
readily sporing bacteria and fungi. To release and disperse 
microorganisms from soil particles homogenisation techniques such 
as various shaking procedures and ultrasonication have been devised. 
(iii) Growth on laboratory media where selectivity of the isolation 
medium is influenced primarily by its nutrient composition, pH and 
addition of selective inhibitors. Examples of three agar media which 
differ markedly in composition that are commonly used to isolate 
actinomycetes from soil and water are starch casein [Kuster and 
Williams, 1964], colloidal chitin [Hsu and Lockwood, 1975] and M3 
medium [Rowbotham and Cross, 1977]. 
Because most actinomycetes are neutrophilic, media are usually 
adjusted to approximately pH 7.0. Cycloheximide and mycostatin are 
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antifungal agents that do not inhibit actinomycetes and are useful 
when dealing with many soils and plant materials [Gregory and 
Lacey, 1963; Williams and Davies, 1965; Cross, 1968]. 
By using numerical taxonomy, Williams et aL [1983 a, b] employed 
particular combinations of carbohydrate and amino acid, with or 
without an antibiotic in order to enhance growth of selective species 
which had previously been shown to be a rich source of antibiotically 
active metabolites or to discourage the very common soil growing 
Streptomyces albiddflavus. 
It is important to note that an isolation plate carries a variety of 
bacterial colonies growing in intense competition and a modification 
to the medium can influence the growth of several species, which in 
turn can stimulate or discourage the growth of others. 
(iv) Incubation and colony selection. 
For most actinomycetes, isolation plates are incubated at 25-300C, 
apart from thermophiles which are cultivated at 45-550C. The 
major variable here is the length of the incubation period. If this is 
prolonged beyond the normal one to two week period, slower growing 
strains e. g. Frankia, often overlooked, may be detected [Lechevalier, 
1981]. However, longer incubation times have often been 
disregarded because of the argument that slow-growing 
actinomycetes would be unsuitable candidates for economic 
fermentations [Nolan and Cross, 1988]. Colonies can be picked at 
random or chosen on the basis of some morphological feature but 
very few species can be recognised with any degree of certainty on a 
primary isolation plate. Probably the best technique for detecting 
growth sites of actinomycetes on natural substrates is scanning 
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electron microscopy [Mayfield et al., 1972; Williams and 
Wellington, 1982] although it is not always possible to identify the 
growth observed with any degree of accuracy. 
Selectivity may be introduced intentionally or unintentionally at any 
of the above (i) to (iv) stages. 
1 .3 Fermentation 
Fermentation, the cultivation of the product-forming isolate in 
nutrient media, is carried out in both solid and liquid culture. The 
choice of method depends upon the degree of automation, the 
producing organism and the type of product sought. Because the 
majority of isolation procedures involve cultivation on a solid 
medium at some stage and most screening assays require some form 
of liquid solution of the test compound, much effort has been directed 
towards combining isolation and product detection in a single step. 
Many of the factors influencing the yield of secondary metabolites are 
listed in appendix 2 [Zahner and Kurth, 19821. 
1 .4 Screening 
Tests: Procedure 
Screening assays are often carried out in two stages. A primary 
screen, which acts as a coarse filter and is ideally a surface culture, 
is applied initially. Secondary screens, which are applied to 
survivors of the primary screen, are generally more specific. They 
often involve "in vitro" procedures and require liquid culture 
preparations which are advantageous for mass production of an 
4 
antibiotic. Any preparation which gives a positive reaction is 
purified and the active principle isolated prior to identification. 
Identification consists of an investigation of the spectrum of activity 
followed by the application of physico-chemical procedures. 
Analysis of the biospectrum is facilitated by the use of multiresistant 
and specially sensitive challenge organisms. The next stage is 
usually chromatographic separation [Mitscher et al., 1977] where 
paper and thin-layer chromatography often employ a bioautographic 
product visualisation. Spectrophotometric techniques are used to 
analyse purified samples. Computerised procedures are used for the 
automated comparison of the infra-red spectra of test compounds 
with those of known antibiotics. 
1 .5 Screen Design 
A knowledge of the properties and ecology of the actinomycetes is 
advantageous when designing a screen programme. 
For example, nutrient insufficiency is the / Alost common 
environmental extreme to which microorgani ms are commonly 
exposed [Harder and Dijkhuizen, 1983]. It would thus be useful to 
prepare a range of media in which different nutrients become growth 
limiting (e. g. carbon, nitrogen, phosphorus). This approach has 
already proved successful, where a wide range of antibiotics have 
been shown to be produced during different limitations [Aharonowitz 
and Demain, 1977,1978,1979; Martin and Demain, 1980; Lilley 
etal., 1981; Bushell and Fryday, 1983]. 
The steady supply of new antibiotic compounds has been maintained 
largely by the introduction of highly sensitive and specific screening 
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procedures. This has resulted in the detection of, amongst many 
antibiotics, four naturally occurring beta-lactams: the 
cephamycins, the nocardicins, the clavulanic acids and the 
carbapenems [Cassidy, 19811). 
Screen designers commonly employ the target-orientated approach 
which involves the examination of large numbers of microorganisms 
for the ability to produce a compound which carries out a highly 
specific function, such as the inhibition of a single enzyme. Cell- 
free enzyme preparations and 'whole organism' antimicrobial tests 
may be employed in target screening. 
Numerous inhibitors of beta-lactamases are now available as a 
result of screens prompted by the importance of these enzymes as 
resistance determinants for penicillins and cephalosporins [Brown 
et al., 1977]. Assays have involved the use of antimicrobial 
challenge tests on beta-lactamase producing organisms and cell-free 
preparations of the enzymes [Bushell, 1983]. 
Other target-directed approaches include reversal of glycopeptide 
inhibition by diacetyl L-Lysyl-D-analyl-D-alanine, inhibition of 
DD-carboxypeptidase and induction of autolysins. [Demain, 1988]. 
If a screen is classed as a 'sievel, a screening procedure is therefore 
one which separates strains according to whether they pass through 
pre-determined conceptual 'holes' according to the criteria set by the 
screen designer. There are several demands of a screen, these 
being: - 
(i) high specificity, 
(ii high selectivity, 
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iii) high sensitivity, 
iv rapid response, 
v robust enough to cope with culture broths; [Nolan and 
Cross, 1988]. 
Experience has shown that discoveries of previously unknown 
important natural products occur when new screening systems are 
utilised or when material from new sources is examined in existing 
screens. Unfortunately the repeated use of actinomycetes, 
particularly Streptomyces spp., has resulted in a reduction in the 
rate of discovery of clinically useful new antibiotics where 
traditional screening procedures are employed. However, it should 
be noted that Streptomyces continue to provide larger numbers and a 
wider variety of new antibiotics than any of the other actinomycete 
genera [Okami and Hotta, 1988]. This suggests that large numbers 
of undiscovered Streptomyces species exist in nature with novel 
antibiotic productivity. To exploit such organisms, new screening 
procedures need to be designed and employed. 
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Figure 1: Sequence of Events in a Screen [Hamill, 1977] 
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THE ACTINOMYCETALES 
The Actinomycetales (actinomycetes) are Gram-positive prokaryotes 
whose DNA is characterised by a high G and C content (above 55 
moles %). Results from 16S rRNA oligonucleotide sequencing and 
nucleic acid hybridisation studies provide evidence that the order 
Actinomycetelae form a single phylogenetic group. Studies on wall 
structure and lipid composition provide further supportive evidence 
for such a group [Goodfellow and Cross, 1984]. 
Although the actinomycetes include genera exhibiting a very wide 
range of morphology from the coccus (e. g. Micrococcus) to a 
permanent and highly branched mycelium (e. g. 
Streptoverticillium), most can be assigned to one of two broad 
morphological groups: the nocardioform - and sporo-actinomycetes 
[Prauser, 1970,1978,1981]. The mycelium of nocardioform 
bacteria (e. g. Actinomyces, Mycobacterium, Rhodococcus, Nocardia) 
propagates by total fragmentation into rods and cocci. The 
sporoactinomycetes (e. g. Micromonospora, Streptomyces, 
Actinoplanes) comprise a greater morphological complexity that 
includes the formation of spores in or on definite parts of the 
mycelium [Prauser, 1978]. 
A third level of organisation is demonstrated by Dermatophilus, 
Geodermatophilus and Frankia, where multilocular sporangia, 
formed from the mycelium, are produced giving rise to coccoid 
elements which eventually germinate into filaments or hyphae 
[Cross and Goodfellow, 1973]. 
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Actinomycete spores resist desiccation and mild heat but do not 
display the organisation and extreme resistance of endospores. 
Reproduction is usually asexual though genetic analyses have 
indicated that sexual processes occur [Gottlieb, 1973]. In the non- 
hyphal forms, asexual reproduction is by fragmentation or possibly 
by the usual fission of single cells. Where stable hyphae are 
produced, vegetative reproduction is by well-formed spores 
resembling fungal arthrospores, borne either free or in sporangia as 
in the Actinoplanaceae [Gottlieb, 1973]. 
Except for the Actinomycetaceae, which contain aerobic or micro- 
aerophilic genera, the actinomycetes are generally aerobic [Gottlieb, 
1973]. 
3 THE STEPTOMYCES 
3.1 Introduction 
The Streptomyces belong to the family Streptomycetaceae 
(streptomycetes) and are a group represented by a large number of 
species and varieties. The majority of ant ibiotic- prod uci ng 
actinomycetes are found among the Streptomyces. 
Properties of the streptomycetes such as filamentous growth, 
sporulation, branching of hyphae and intrahyphal growth suggest 
prokaryotic parallel evolution with the fungi [Caslavska et al., 
19 78]. 
Streptomyces spp. are aerobic, Gram-positive sporoactinomycetes, 
of indefinite length with a filament diameter of between 0.5 and 1.0 
gm and contain the LL form of Diaminopimelic acid (DAP) and 
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glycine in their cell wall (a useful taxonomic aid in the classification 
of genera within the Actinomycetalae order). The G and C content of 
the DNA ranges from 69-78 moles % [Goodfellow and Cross, 1984]. 
The cell wall peptidoglycan consists of strands of amino-sugar-based 
polysaccharides linked together with peptide units [Minnikin and 
O'Donnell, 1984] and is associated with one or more polymers, such 
as neutral polysaccharides and anionic teichoic acids. (Teichoic acids 
have been reported to account for up to 20% of the dry weight of 
streptomycetes [Naumova et al., 1978]). 
The branching hyphae characteristic of streptomycete vegetative 
growth form a complex non-fragmenting substrate mycelium that 
penetrates and breaks down organic debris, typically in soil, by the 
action of extracellular hydrolytic enzymes [Chater and Merrick, 
19791. Such a myceliurn represents the most advanced condition for 
actinomycetes. [Prauser, 1978]. 
The inherent immobility of the myceliurn is compensated by spores 
formed from specialised aerial hyphae, which have developed from 
the ageing substrate mycelium. 
Streptomyces spp. are highly oxidative and can include mesophiles, 
psychrotrophs and thermophiles, acidophiles, neutrophiles, 
alkalophiles and halophiles. 
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3.2 Morphology and Physiology 
a) Spores, Germination and Vegetative Growth 
Spore formation and germination are not completely independent 
processes. The spores which are hydrophobic due to being enclosed 
in a fibrous sheath with an outer lipid layer, possess thickened walls 
and are relatively resistant to desiccation. The characteristic 
surface structure of spores of different Streptomyces species is due 
to the presence of this fibrous sheath (e. g. Wildermuth, 1970). The 
germination of some streptomycete spores depends on divalent metal 
ions although they can sometimes be stimulated by a brief heat 
treatment [Hirsch and Ensign, 1976] or by mechanical damage 
[Stastna, 1977]. 
During germination spores swell and lose refractility. At this stage 
there is considerable proteolytic activity [Ensign, 1982] and the 
disaccharide trehalose which is a major spore component is rapidly 
degraded [Hey-Ferguson et al., 1973; Ensign, 1982]. RNA and 
protein synthesis begin almost immediately. After approximately 
120 minutes, germ tubes emerge from an existing inner layer of the 
spore wall . Concomitant with this is DNA synthesis [Chater, 1984]. 
All "portions" of the mycelial growth developing from a single spore 
remain in filamentous continuity with the original element [Erikson, 
1953]. 
Hyphal growth, both in liquid [Brana et al., 1982] and on solid media 
[Schuhmann and Bergter, 1976] is essentially confined to tips 
(apical growth) which multiply exponentially by the formation of 
branches in older sections of the hyphae (usually at least 30gm 
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behind the growing tip). This process is commonly known as apical 
growth and occurs in fungal hyphae [e. g. Saunders and Trinci, 
1979]. Despite this comparison with the eukaryotic fungi, apical 
growth seems to occur even in the morphologically less differentiated 
members of the actinomycetes. Thus, apical growth could represent 
a basic system for branching organisms, however unbranched 
bateria have also been shown to grow in such a manner. [Locci and 
Sharples, 1984]. Branching is thought to initiate by resumption of 
plasticity in a hardened cell wall [Locci, 19811, often a result of a 
localised depletion of nutrients in the micro-environment of the 
branch point. The resultant network offers the opportunity for 
translocation of nutrients within a wide area. The organisms often 
lack cross walls in the vegetative phase and form compact convoluted 
colonies on solid media. 
) b Aerial Mycelium Formation and the Development of Aerial 
Spores. 
It is probable that aerial branch formation is stimulated during 
colony growth on a solid substrate, where parts of a colony 
particularly on the surface have become nutrient limited [Chater, 
1984]. The occurrence in Streptomyces spp., of cAMP and its 
binding protein and cGIVIP [Ensign, 1982; Demain et al., 1983] and 
of adenosine polyphosphates and guanosine polyphosphates 
[Riesenberg et al., 1984] that may play a role in aerial mycelium 
development is well documented. However, convincing evidence of 
particular roles for them in normal growth or differentiation is 
available only in the case of ppGpp, the concentration of which 
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increases rapidly when amino acid starvation or carbon source 
downshift is imposed on balanced cultures of Streptomyces 
hygroscopicus [Riesenberg etal., 1984]. 
Substrate and aerial mycelia are different ontogenetically, 
morphologically, structurally and physiologically [Kalakoutskii and 
Agre, 1976; Ensign, 1978]. In general, aerial growth appears less 
branched than the substrate mycelium and in contrast to the latter is 
hydrophobic [Higgins and Silvey, 1966]. 
The substrate mycelium of a Streptomyces spp. is facultatively 
aerobic, while aerial growth is obligatively so. In prokaryotes 
aerial growth is unusual and may represent an adaptation to the 
terrestrial environment. The aerial hyphae of many streptomycetes 
grow as coils which may be an incidental response of the cell surface 
to the low water activity in the environment [Anagnostopoulos and 
Sidhu, 1977]. 
Aerial mycelium development usually ceases with the onset of 
sporulation when (i) glycogen deposition in the cytoplasm - largely 
used up later in the wall thickening process [Brana et aL, 1980], 
and (ii) compartmental isation of the mycelia, occurs. 
Once septation is complete, the compartments begin to separate from 
each other and eventually round up as their walls thicken to give 
chains of spores held together weakly by the fibrous sheath 
[McVittie, 1974]. 
The spores and aerial filaments are often pigmented and contribute a 
characteristic colour to the mature colony; in addition pigments are 
sometimes produced by the substrate mycelium. 
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Cytochemical studies illustrate several differences between young 
aerial hyphae and spores, where young aerial hyphae contain 
increased amounts of sulphydryl compounds and increased activities 
of alkaline phosphatase, catalase and peroxidase. The levels of the 
enzymes decrease as the hyphae sporulates [Ensign, 1978]. Also, 
the accumulation of polysaccharide material has been shown to occur 
during the early stages of sporogenesis and in 'old' disintegrating 
hyphae of S. viridochromogenes but never in 'young' substrate and 
aerial hyphae [Manzanal et aL, 1981] 
3.3 Genetic Control of Morphology 
There is little direct evidence for the genetic control of morphology 
of actinomycetes. However, the studies on Streptomyces coelicolor 
are a notable exception [e. g. Chater, 1975]. Genetic mapping of 
mutants lacking aerial mycelium (bld) indicate that its formation is 
controlled by chromosomal genes rather than plasmid genes [Chater 
and Hopwood, 1973]. Other mutants (whi) are produced which form 
aerial mycelium but are defective in spore production. Eight whi 
genes have been detected and the morphology of the various mutants 
found to resemble that of intermediate stages in normal spore 
formation [Chater, 19721. It is thus possible that the genes control 
various stages in spore formation [Williams and Wellington, 1980]. 
3.4 Varia i ity 
Streptomycetes exhibit great variety in their physiological, 
morphological and biochemical activities. The factors influencing 
this variability include nutritional conditions, genetic constitution 
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and environmental factors. The degree of sporulation and colour of 
spores, surface and margin of colony and amount and colour of 
soluble pigment released are among the most variable properties. 
[Waksman, 1967]. 
3.5 Ecology 
Streptomycetes are ubiquitous and have been found to constitute 95% 
of over 5,000 soil isolates [Lechevalier and Lechevalier, 1967). 
Although found in water and on organic debris they are primarily 
soil organisms where they (i) decompose organic matter (ii) effect 
soil structure where they bind clay particles by the hyphal threads 
to impart a granular viable structure that is conducive to crop 
protection and (iii) likely produce antibiotics which would be 
inimical to other soil microbes. Streptomyces spp. occur in greatest 
numbers in the top few inches of the soil and decrease with depth 
[Waksman and Purvis, 1932]. 
The characteristic earthy odour of soil is caused by the production of 
a series of streptomycete metabolites called "geosmins". [Gerber and 
Lechevalier, 1965]. 
Williams [1978] summarised observations of streptomycete 
behaviour in soils: - (i) they exist for long periods as arthrospores, 
(ii) they germinate in the presence of exogenous nutrients, lack of 
which prevents germination of most or all spores added to unsterile 
soils and (iii) when localised organic substrates (e. g. roots, fungi) 
are available they are rapidly colonised by mycelial growth. This 
soon results in the production of spores when nutrients are 
exhausted. 
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Similarities in the life styles of streptomycetes and fungi in their 
comparable adaptation to survival in soil is a striking example of 
convergent evolution. 
3.6 Cultural Characteristics 
Nutritionally, streptomycetes are quite versatile. Growth factor 
requirements are rare and a wide variety of carbon sources such as 
sugars, alcohols, organic acids and amino acids can be utilised. Most 
isolates produce extracellular enzymes that permit utilisation of a 
number of biopolymers. One natural polymer that is uniquely 
attacked by streptomycetes is rubber latex [Stanier et al., 19801. 
The majority of streptomycetes are mesophiles which grow well in 
the temperature range of 25 to 400C. 
PRODUCTION OF SECONDARY METABOLITES 
When a microorganism grows in an environment in which all its 
essential nutrients are contained in excess, it converts those 
nutrients into compounds representing the end products of energy 
metabolism, heat, and compounds required to reproduce, thus 
synthesising more cells. These two categories of compound required 
for growth are known as primary metabolites. Primary metabolism 
is universal among microbes unlike secondary metabolism which has 
a rather restricted distribution. 
17 
Certain wild-type organisms, particularly Streptomyces, possess 
genes for producing secondary metabolites in addition to genes 
necessary for growth [Malik, 1980]. In such organisms certain 
steps of primary metabolism lack regulation. This results in the 
oversynthesis of intermediates and end products of primary 
pathways. Under metabolic stress, when the growth rate decreases, 
these accumulated pools of intermediates may induce subsidiary 
pathways to form secondary metabolites. The biosynthesis of 
secondary metabolites usually begins at the end of the exponential 
phase (growth or anabolic phase, trophophase) and the maximum 
rate of their formation is attained at the beginning of the stationary 
phase (production or catabolic phase, idiophase). The cause of the 
biphasic character of culture development under these conditions is 
the necessity to initiate at the end of the vegetative cycle a 
qualitatively new type of physiological state, making it possible to 
maintain the viability of the culture. 
A predominant number of genes and enzymes of primary metabolism 
are functional in secondary metabolite formation [Vanek et al., 
198 8]. 
The production of secondary metabolites appears to be affected by the 
same regulatory mechanisms that control primary metabolism 
[Demain, 1973] i. e. ; induction, feedback regulation and catabolite 
regulation. Secondary metabolite production may have evolved as an 
alternate strategy to switching off metabolic pathways by various 
control mechanisms and may be beneficial for the organisms: it may 
provide a mechanism whereby accumulated intermediates and end 
products of primary metabolism are removed from cells whose 
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ability to regulate and integrate their cellular metabolism is 
otherwise diminishing. Products of secondary metabolism such as 
antibiotics could also be of considerable selective advantage since 
they would eliminate possible microbial competitors and provide 
nutrients in the form of dead cell materials [Malik, 1980]. 
Summarising, secondary metabolism seems to be governed by: - 
(i overall regulatory controls which operate as functions of 
the growth rate (secondary metabolites are usually only 
produced at a low specific growth rate of culture) and 
(ii specific regulatory effects on individual pathways [Martin, 
19781. 
Secondary metabolites (secondary only because they are not 
necessary for the vegetative growth of the producing microorganism 
[Martin and Demain, 1980]) include antibiotics, enzymes, 
pigments, toxins and growth promoting compounds. However, it is 
the antibiotics which have been of greatest commercial significance. 
METABOLIC INITIATION OF DIFFERENTIATION AND 
SECONDARY METABOLISM IN ACTINOMYCETES 
(STREPTOMYCES SPECIES) 
In bacteria, differentiation and induction of secondary metabolism 
start concomitantly in response to nutrient limitation. The study of 
differentiation in Streptomyces spp. has been of great interest 
because of the numerous antibiotics produced by this genus. 
The coupling of antibiotic production to morphological differentiation 
suggests a mechanistic connection which as yet has not been 
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demonstrated. The two processes do, however, often occur in parallel 
[Chater, 1984]. Some Streptomyces spp. (e. g. S. griseus) are able 
to form spores not only on solid media but also in liquid culture 
without forming aerial mycelia, if the cells are exposed to 
appropriate nutritional conditions [Vitalis et al., 1981; Kendrick 
and Ensign, 1983]. 
Many streptomycetes also produce endogenous signal molecules called 
autoregulators. [Khokhlov, 1982]. The best studied is A-factor (2- 
isocapryloyl-3R-hydroxymethyl-y-butyrolactone) which is 
essential for the production of both streptomycin and aerial mycelia 
by S. griseus [Khokhlov et aL, 1973; Khokhlov and Tovarova, 
1979; Hara and Beppu, 1982]. 
Whilst mutants defective in A-factor synthesis lose the capability of 
producing both streptomycin and aerial mycelia, exogenous addition 
of A-factor restores both phenotypes [Hara and Beppu, 1982]. Such 
a simultaneous restoration is also known in an S. griseoflavus mutant 
defective in arginine sythesis whose differentiation and antibiotic 
production can be restored by adding citrulline [Ochi et al., 19841. 
It is also interesting to note that a well-sporulating S. griseus mutant 
accumulates a protein like substance, designated factor C, in liquid 
cultures which restores the capability of sporulation to a certain 
S. griseus mutant [Biro et al., 1980]. Not all A-factor producing 
steptomycetes require the autoregulator for morphological 
differentiation as illustrated by Sxoelicolor [Hara et al., 1983]. 
There is also support for the role of extrachromosomal DNA in the 
regulation of antibiotic biosynthesis and differentiation in 
steptomycetes [Pogel et aL, 1976; Redshaw et al., 1976] 
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When the ageing and thus lysing substrate mycelium might easily be 
consumed by invading motile microorganisms, it is not surprising to 
find that chemical defense mechanisms (e. g. antibiotics) are 
employed usually at a time coinciding with that of aerial mycelium 
formation. Presumably, the initial physiological triggers are 
transmitted to the genome to allow the onset of differential gene 
expression, whereupon the formation of morphologically distinctive 
aerial branches takes place [Chater, 1984]. 
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6 MORPHOLOGY AND ITS ASSOCIATION WITH ANTIBIOTIC 
PRODUCTION IN SUBMERGED CULTURE - EXPLOITATION OF 
'UNDISCOVERED' ANTI BIOTIC-PRO DUCING 
STREPTOMYCETES 
Streptomycetes develop radial vegetative mycelia in liquid culture. 
After 24 hours this has the appearance of a dense network. This 
well-dispersed, exponentially growing phase frequently precedes 
antibiotic production. [Kurylowicz et aL, 1975; Huber et al., 1987; 
Allan and Prosser, 1987]. 
The lack of comparable product formation in agar and liquid cultures 
is often due to diversity in hyphal morphology obtained in liquid 
cultures. Morphology may range from 'pellets' of mycelium to 
fragmented hyphae. These two extremes of liquid culture morphology 
have been shown to be unsuitable for antibiotic production [Bushell, 
1988]. Thus, there appears to be an obvious association between 
morphology and antibiotic production. Doskocil et al. [1959] 
indicate that the morphological and physiological properties of a 
strain are greatly changed before and after antibiotic accumulation 
begins. The range of growth form, micro-colony structure and 
hyphal morphology of Streptomyces spp. grown in media is found to 
be extensive, although strains of the same species which produce the 
same antibiotics are usually very similar. [Williams et al., 1974]. 
Results from submerged studies [Bewick and Williams, 1977; 
Bewick et al., 1977; Liu et al., 1984] suggest a complex 
relationship between the antibiotic and the internal structure of the 
antibiotic-producing organism. 
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Asai et al. [1978] and Miyoshi et al. [1980] observed that an 
increase in agitation led to cellular damage of Streptomyces spp. 
resulting in the loss of antibiotic production. 
Shomura et al. [1979] reported that mycelia appearing filamentous 
in anti biotic-p rod uci ng agar cultures were fragmented in non- 
producing submerged cultures. This group focused much attention on 
this problem because of the possibility of discovering a new 
antibiotic not detected by submerged culture studies and of throwing 
light on the mechanism of production of antibiotics in such 
circumstances. They noted that the antibiotic SF1993 (N- 
carbamoyl-D-glucosamine) was produced by filamentous hyphae of 
S. halstedii but not by hyphae which were well fragmented in liquid 
media. This lack of activity in submerged cultures was due to lack of 
antibiotic production and not to inactivation of the antibiotic 
(fumaramidmycin) by vegetative mycelia as in S. kurssanovii 
[Maruyama et al., 1975]. Finally, work carried out by Kretschmer 
et al. [19811 demonstrates that an individual species may adopt a 
highly branched form during conditions of nutrient excess i. e. early 
exponential phase. As the growth-limiting substrate becomes 
depleted, long unbranched hyphae are formed. The highly branched 
form appears to be best adapted to exploiting available nutrients 
within a localised environment whereas the straight form is in effect 
'searching' for a new microenvironment. 
The phenomenon of lack of reproducibility is common in antibiotic 
screens and many potentially useful antibiotic activities may be lost 
at this stage in the screening sequence. Thus, strains whose hyphal 
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morphology is not suited to liquid culture may form an interesting 
and unexploited gene pool for product formation. 
In conclusion it would be very useful if submerged cells could be 
maintained in a filamentous state so that antibiotic production could 
be accomplished. The aim of this project was to achieve this! 
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AIMS 
(A) To quantify the incidence of isolation of streptomycete 
strains ("Streptomyces') which produce antibiotics on agar 
but not in submerged culture. These are referred to as 
"agar only" strains. 
(B) To study the Kaisha filtration method and determine its 
influence on the rate of isolation of "agar only" strains. 
(C) To subject "agar only" strains to several other fermentation 
techniques such as celite immobilization, mini-airlift and 
nutrient optimisation to determine whether these 
manipulations promote antibiotic production. 
D To study mycelial morphology in (B) and (C) and determine 
its influence on the ability of "Streptomyces" to produce 
antibiotic in liquid culture. 
E) To compare the cell wall biochemistry of an antibiotic- 
producing, filamentous, stable phenotype with that of a 
non-antibiotic-producing, fragmented wild-type. 
N. B. Organisms used in this study have been referred to as Streptomyces 
species on the crude basis of: aerial mycelium appearance, a cell 
wall 1 chemotype and the abundance of this species in soil. 
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EXPERIMENTAL WORK 
GENERAL MATERIALS AND METHODS 
Isolation of Potential Anti bi otic-Producing Streptomyces 
A sample of soil (1 gm) collected from a lakeside area, (Surrey 
University) known to be prolific in Streptomyces spp. was shaken 
(220rpm) for 10 minutes in a flask containing 100mls of sterile, 
quarter strength, Ringers solution supplemented with Tween 80 
(0.01%). The detergent stimulates the germination of streptomycete 
spores and aids their dispersal [Grund and Ensign, 1982]. After 
appropriate dilutions were made, aliquots were plated onto malt 
yeast agar (MYA) and M3 agar (a medium which facilitates the 
recognition of streptomycetes (appendix 3)). Following incubation 
at 300C for 5 days, colonies were selected for MYA purity plates. 
.2 Maintenance and Preservation of 
Streptomyces 
Throughout the study, streptomycetes were preserved under 15% 
glycerol solution at -200C [Wellington and Williams, 1978] and 
recovered on IVIYA at 300C. 
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1 .3 Detection of Antibiotic by the Cup Plate Agar Diffusion 
Bloassay 
1.3.1 Challenge organisms used: - 
Staphylococcus aureus Oxford H Strain VI, University of Surrey, 
Microbial Biotechnology Laboratory Culture Collection Number 
(M B L): 864. Used to test for activity against Gram-positive 
organisms. 
Eschericha coli ss -a strain supersensitive to P-lactam antibiotics 
provided by ICI Pharmaceuticals, Cheshire. 
Escherichia coli - MBL 1661. Used as a test for activity against 
Gram-negative organisms and as a control for E. coli ss assays. 
Klebsiella aerogenes MBL 2126 and MBL 2126 and sterile 
penicillin solution (2mg/10ml water) for the detection of 
lactamase inhibitors. 
Comamonas terrigena MBL 2034. Reported to be sensitive to 
lactam antibiotics [Okamura et al., 1979]. 
N. B. For the droplet and shake-flask experiments (see 2.2.1. and 
2.2.2. later) three organisms used to detect agrochemical antifungals 
were also used. These were: - Verticifflum tricopus, Botrytis fabae 
and Fusarium oxysporum, from the fungal collection, University of 
Surrey. 
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1 . 3.2 Growth and Maintenance of Challenge Organisms 
Nutrient agar and nutrient broth (Oxoid) were used for the growth 
and maintenance of bacterial challenge organisms. Potato dextrose 
agar and potato dextrose broth (Difco) were used for the growth and 
maintenance of fungal challenge organisms. 
1 . 3.3 Bioassay 
A 1% (v/v) inoculum from a liquid culture of each bacterial 
challenge organism (2% inoculum for E. coli ss) and a 25% (v/v) 
inoculum of each fungal challenge organism was incorporated into the 
appropriate molten agar medium. Assay plates (23cm x 23cm, 
Sterilin) were poured and when the agar had set and dried, wells 
were formed (6 x6 arrangement) by the removal of agar plugs. 
Samples were applied to the wells so formed. 
Zones of inhibition were made more readable by adding 0.75ml of 2% 
(w/v) triphenyl tetrazolium ch loride, TTC (Sigma) in a 5% v/v 
solution of dimethyl sulphoxide (BDH) per 250ml of molten agar. 
During the growth and respiration of the challenge organism in the 
agar, TTC was reduced to red formazan [Jacob, 1970, Fukui and 
Takii, 19891. The red areas in the agar where growth had occured 
were a sharp contrast to the clear colourless areas of inhibited 
growth. 
After the required length of incubation time (MBL 864, MBL 2034, 
E. coli ss: 24 hours (300C); MBL 1661, MBL 2126 24 hours 
(370C); fungi : 72 hours (200C)), zones of inhibition were read. 
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1 .4 Statistical Analysis 
The Chi-squared method [Bishop, 1980] was used to measure the 
(O-E) 
deviation of ratios, X2 where X2 E 
0= Observed Frequencies 
E= Expected Frequencies 
Each row of a table of results relates to a given number of degrees of 
freedom. If there were 'n' columns in a table for calculating X2, 
there would be (n-1) degrees of freedom. 
Once X2 was calculated and degrees of freedom determined the 
probability (p) of an event was found (appendix 4). 
It was then decided whether the probability deviated significantly 
(less than P=0.05 : 5%) from the null hypothesis - the predicted 
outcome. 
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ANTIBIOTIC PRODUCTION ON SOLID AND IN LIQUID 
CULTURE 
2.1 Introduction 
Organisms that produce antibiotics on solid media only can easily be 
selected by examining bioactivites in an initial screening test, such 
as the droplet experiment, followed by confirmation of inactivity in 
shaken broth fermentations. The advantage of the solid screen is the 
ability to test a large number of potentially antibiotic-producing 
organisms at any one time. 
The shake-flask method was carried out to determine whether the 
antibiotic production seen on solid medium could also be seen in 
liquid culture. The growth medium used was not chemically defined 
and contained more than one carbon and nitrogen source: both in high 
enough concentrations to give good growth, but low enough to 
minimise nutrient carry over into subsequent stages. 
Nutrient limitation is a very common occurrence in ecosystems thus 
it is important to design antibiotic production media accordingly i. e. 
media should be formulated to induce growth rate limiting conditions 
during incubation. For this reason the carbon-limited defined 
medium, M4 (appendix 3) which contains the trace elements iron, 
manganese and zinc for optimum antibiotic production [Weinberg, 
1970] was selected in addition to three non-defined media for a 
second stage fermentation. 
It must be noted that any variability in growth and antibiotic 
production in complex media is amplified considerably in defined 
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media where metabolic inadequacies of the microorganism are not 
compensated for, as they would be in complex media [Dekleva et al., 
19 85]. 
2.2 Materials and Methods 
2.2.1 Droplet Experiment (Figure 2) 
Organisms Used: 112 isolates - 42 from M3 and 70 from MYA 
(1.1). 
Culture Conditions and Antibiotic Detection: Using an Accuramatic 
(Tencons Ltd), droplets (volume approximately 1 ml) of MYA were 
dispensed in a4 by 4 arrangement in 10cm square petri dishes 
(Sterilin). All test isolates were inoculated onto the droplets with 
cocktail sticks [Nolan and Cross, 1988]. The droplets were 
incubated at 300C for 4 days and then overlaid with agar seeded with 
challenge organisms (1.3.1. ) to determine the biospectrum of 
antimicrobial activity. Zones of inhibition were read after a further 
24 hours incubation for bacterial, and 72 hours for fungal challenge 
organisms. 
2.2.2 Shake-Flask Experiment 
Organisms Used: Isolates (40) exhibiting antibiotic activity on solid 
media (2.2.1. ). 
Culture Conditions and Antibiotic Detection: Organisms were 
inoculated into 250ml Erlenmeyer flasks containing 25mls of 
growth medium Mg (appendix 3). Flasks were shaken at 220rpm 
for 2 days (first stage fermentation) before aliquots (2.5ml) were 
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subcultured into Mg, non-defined malt yeast broth (MYB), M2 and 
the carbon-limited defined medium M4 (appendix 3) for a second 
stage fermentation. Flasks were shaken for 4 days and then samples 
taken and tested in a cup plate antibiotic assay (1.3). After the 
required incubation, zones of inhibition were read. 
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2.3 Results and Discussion 
Results 
Droplet Experiment 
Table 1: The number of organisms producing activity against 
challenge groups (1 -5) on M3 and MYA media. 
Challenge Group M3 MYA 
Number % Number % 
1. St. aureus 30 17.65 18 20.22 
2. Possible P-lactams 25 14.71 10 11.24 
3. Gram negatives 24 14.12 13 14.61 
4. Fungal organisms 68 40.00 39 43.82 
5. p-lactamases 23 13.53 9 10.11 
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Statistical analysis was carried out using the Chi-squared 
technique (1.4) 
Table 2: Observed and expected values for the total number of 
antibiotic-producing organisms on M3 and MYA. 
M3 
Observed 170.0 
Expected 129.5 
Chi-squared = 25.3 
MYA 
89.0 
129.5 
Null hypothesis = no difference in antibiotic activity from M3 and 
MYA. 
For 1 degree of freedom p<0.001 i. e. there was a significant 
difference in antibiotic activity from M3 (selective isolation media) 
and MYA i. e. a greater number of antibiotic- producing organisms 
were isolated from M3 than from MYA. 
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Shake-Flask Experiment 
Table 3: Agreement values (%) of inhibition per challenge assay 
for agar and liquid cultures. 
Group Activity Double Staae Fermentation Media 
Single Medium Double Media 
(Mg to Mg)* (Mg to MYB; Mg to M2; 
Mg to M4)* 
1. St. aureus 96 96 
2. Possible P-lactams 85 87 
3. Gram negatives 91 95 
4. Fungal organisms 72 75 
5. P-lactamases 77 79 
* Seed stage medium to production stage medium. 
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Statistical Analysis 
Table 4: Observed and expected values for % agreement of 
inhibition per challenge assay for agar and liquid cultures. 
Challenge Group (table 1) 
2345 
Single Medium 0 96.0 85.0 91.0 72.0 77.0 
Mg E+ 94.8 84.9 91.8 72.6 77.0 
Double Medium 0 96.0 87.0 95.0 75.0 79.0 
(MYB, M2, M4) E 97.2 87.1 94.2 74.4 79.0 
Chi-squared = 0.05 
Observed 
IE = Expected 
Null hypothesis - no difference in % agreement of antibiotic activity 
from fermentation media used. 
For 4 degrees of freedom p>0.99. Thus, the null hypothesis was 
accepted i. e. there was not any significant difference in % agreement 
from liquid culture media used. 
N. B. The expected frequencies were calculated by multiplying the 
total of each row with the total of each respective column. This 
figure was then divided by the total of all rows which equalled the 
total of all columns. 
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Statistical Analysis (1.4) 
Table 4: Observed and expected values for % agreement of 
inhibition per challenge assay for agar and liquid cultures. 
Challenge Group (table 1) 
12345 
Single Medium 0 96.0 85.0 91.0 72.0 77.0 
Mg E+ 94.8 84.9 91.8 72.6 77.0 
Double Medium 0 96.0 87.0 95.0 75.0 79.0 
(MYB, M2, M4) E 97.2 87.1 94.2 74.4 79.0 
Chi-squared = 0.05 
*0 = Observed 
+E = Expected 
Null hypothesis - no difference in % agreement of antibiotic activity 
from fermentation media used. 
For 4 degrees of freedom p>0.99. Thus, the null hypothesis was 
accepted Le. there was not any significant difference in % agreement 
from liquid culture media used. 
N. B. The expected frequencies were calculated by multiplying the 
total of each row with the total of each respective column. This 
figure was then divided by the total of all rows which equalled the 
total of all columns. 
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Discussion 
From the results (table 1) one can see that organisms growing on M3 
agar (a selective medium for Actinomycetales, Rowbotham and Cross, 
1977) exhibited greater antibacterial and antifungal activity than 
those growing on the second isolation medium, malt yeast agar 
(MYA). Selective isolation media decrease biological diversity per 
se, thus, in this instance, the non-antibiotic-producing organisms 
have been selectively discouraged in M3 compared with the non- 
selective IVIYA. Selectivity of M3 was statistically confirmed (table 
2). The loss of antibiotic activity in submerged culture is 
illustrated in figure 3. The lack of reproducibility of product 
formation in agar and liquid cultures is well known [e. g., Nisbet, 
1982]. There are likely to be a number of factors cn*-ibuting to the 
lack of reproducibility in liquid culture including: i) metabolites 
detected in liquid batch cultures vary with harvesting time, whilst 
surface cultures contain many, if not all, of the metabolites 
distributed within the colony; ii) during the development of a 
colony, following the increase in cell mass, nutrient transport to 
parts of the colony on the droplet could become limited. This might 
induce a sort of stress that, mimicking the stringent response, could 
be transmuted into a signal for the formation of antibiotic. It is 
possible that organisms not producing antibiotic in liquid culture 
were not having such a stress exerted upon them resulting in no 
antibiotic production; iii) shake-flasks exert agitational forces that 
break up mycelia resulting in no antibiotic production. 
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There appeared to be very little difference in the distribution of 
antibiotic activity on solid and in liquid culture which was made 
apparent in the pie charts (figure 4). This indicated that loss in 
activity was independent of a specific challenge assay. Several types 
of liquid media (non-defined, defined) were used in the shake-flask 
fermentation to maximise antibiotic reproducibility from solid agar. 
Table 3 and figures 5 and 6 illustrate the % agreement of inhibition 
occuring in the same challenge assay for agar and liquid cultures. 
Agreements of double stage single medium fermentation (Mg to Mg) 
(figure 5) compared favourably with double stage double media 
fermentations (Mg to MYB; Mg to M2; Mg to M4) (figure 6). No 
significant difference in % agreement was observed between the 
different media (table 4). It thus appears that differences in 
activity from solid to liquid culture are attributable to the effects of 
the different types of culture and are unlikely to be simply due to an 
inappropriate choice of liquid medium. 
Loss of activity in submerged culture has been attributed to a fragile 
morphology, the hyphae appearing fragmented under the scanning 
electron microscope [Shomura et al., 1979]. Caslavska et al. 
[1978] found that upon transfer of Streptomyces granaticolor from 
a complex to a defined medium, the original filamentous morphology 
became non-mycelial. These non-mycelial forms retained their 
viability and reverted to filamentous growths when re-subcultured 
in complex media. They concluded that morphology and 
ultrastructure of streptomycetes cultivated in submerged conditions 
were highly variable and depended on many factors for example, the 
formation and accumulation of antibiotic. Stastna et aL [1977] 
43 
studied the origin and morphology of atypical forms of S. granaticolor 
-a granaticin producer, under optimum cultivation conditions. 
Depending on culture conditions the cells differed considerably in 
shape and size, ranging from filamentous forms to enormously 
enlarged spherical cells, The non-mycelial forms did not produce 
granaticin. 
It thus appears that morphology has some effect on antibiotic 
production. Therefore, it would be useful to design a screen that 
would be capable of selecting a filamentous morphology. It is likely 
this would promote antibiotic production from organisms producing 
antibiotic on solid media only. 
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3 FILTRATION EXPERIMENT: ANTIBIOTIC PRODUCTION IN 
LIQUID CULTURE, FROM ORGANISMS INITIALLY 
PRODUCING ON SOLID MEDIA ONLY 
3.1 Introduction 
A filtration enrichment method for hyphal selection has been shown 
to result in a filamentous morphology in conjunction with antibiotic 
production in liquid culture, from organisms initially producing on 
solid media only [Shomura et al., 1979]. The filtration experiment 
which follows is based on this method where linen is used as a filter. 
The experiment of Shomura et al. [19791 differs from that presented 
here in that this group used the method for selecting mutants 
whereas the object of the present study was to devise a method for 
selecting a resistant subpopulation of hyphae in liquid cultures of 
wild-type isolates. Related studies have been carried out with 
Streptomyces cattleya and Streptomyces clavuligerus. When 
mycelia from these species were immobilized on cotton cloth for use 
as inocula in batch fermentations, constant yields of thienamycin and 
cephalosporin respectively were produced [Joshi and Yamazaki, 
19871, whereas non-immobilized liquid cultures were found to be 
variable. 
Scanning electron microscopy (SEM) (appendix 5) was used to 
observe morphological development. SEM is advantageous in allowing 
examination of mycelial structures without unnecessary 
manipulations [Locci, 19811 and has represented a big step forward 
in providing further information on the structure. 
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In the hyphal selection screen (3.2), three defined production media 
were used: carbon-limited (W), nitrogen-limited (M5) and 
phosphate-limited (M6), Bushell, 1987. (Appendix 3). 
3.2 Materials and Method 
Trial Run 
One organism was selected (an antibiotic producer on solid but not in 
liquid media) to determine the feasibility of promoting antibiotic 
production in submerged culture by filtration. The successful 
outcome of the trial run, where increased antibiotic production with 
the development of a filamentous morphology was observed, led to a 
more extensive experiment being carried out. 
Experiment (Illustration: appendix 6) 
Organisms used: 2 controls producing antibiotic on both solid and in 
liquid culture and 3 tests producing antibiotic on solid media only 
(2.3). 
Linen: Pore sizes of linen that resulted in optimum antibiotic 
production from test cultures were used as sterile filters in 
millipore (Swinnex-25) filter holders. The pore size used for a 
first filtration was 355.76 x 286.96 lam (appendix 7) whilst for 
all subsequent filtrations a pore size of 264.44 x 213-85 lam 
(appendix 7) was used. The difference in pore size used, necessitated 
by a change in filtration characteristics, was probably due to the 
pre-filtered cultures being more dense (carry/over from growth 
medium) than the post-filtered cultures. 
Culture Conditions: The selected organisms were inoculated into 
250ml flasks containing 25MIS of Mg growth medium prior to 
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subculturing (10% v/v inoculum) into MYB, glucose-(M4), 
nitrogen -(M5) and phosphate-(M6) limited media 
(appendix 3). 
Flasks were shaken for 4 days (300C) before a small sample was 
taken for an antibiotic assay (1.3). This was to confirm the lack of 
antibiotic production in liquid culture from organisms producing on 
solid media only (section 2). The remaining culture (5mls) was 
filtered through linen (pore size: 355.76 x 286.96 lam) which 
ultimately resulted in retentate and filtrate broths (appendix 6). 
Thus, in addition to hyphal selection, linen was used to transfer 
hyphae into liquid culture. These cultures were shaken (220rpm) 
for 4 days at 300C. Retentates and filtrates were then independently 
filtered into flasks of appropriate media before being shaken 
(220rpm) for 4 days. 
Filtering and "shaking" of retentates and filtrates was repeated five 
times. 
Antibiotic Activity and Morphological Examination: Aliquots of 
retentates and filtrates were tested in a cup plate antibiotic assay 
(1.3) after every filtration and a sample taken for SEM (appendix 
5) after every second filtration. Morphology was studied using a 
Cambridge Stereoscan scanning electron microscope. 
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3.3 Results and Discussion 
Table 5: Total number of antibiotic zones in all bioassays from 
retentates and filtrates (with consecutive filtration) for (A) TEST 
and (B) CONTROL organisms. 
(A) Filtration No. Retentate Filtrale 
Medium Def. Def+MYB Def. Def+MYB 
1 29 38 911 
2 37 44 1010 
3 33 34 20 20 
4 45 58 15 16 
5 47 60 13 13 
6 39 45 14 16 
7 21 21 66 
(B) Filtration No. Retentate Filtrall- Ww- 
Medium Def. Def+MYB Def. Def+MYB 
1 32 34 1616 
2 22 23 1212 
3 26 31 1212 
4 30 33 15 15 
5 31 33 14 16 
6 30 35 1618 
7 22 22 13 13 
(Def. = defined media) 
(Number of antibiotic zones was out of a possible maximum of 48 for 
control organisms and 72 for test organisms). 
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Statistical Analysis (1.4) 
Table 6: Total number of observed and expected antibiotic zones 
from retentates and filtrates for (A) TEST and (B) CONTROL 
organisms 
(A) Retentate FiltraLe 
Observed 300 92 
Expected 196 196 
Chi-squared = 110.4 
Null hypothesis = no difference in antibiotic activity from retentates 
and filtrates for test organisms. 
For 1 degree of freedom p< 0.001. Thus, there was a significant 
difference between activity from retentates and filtrates i. e. greater 
antibiotic production from the retentates. 
B) Retentates Filtrates 
Observed 211.0 102.0 
Expected 156.5 156.5 
Chi-squared = 38.0 
Null hypothesis = no difference in antibiotic activity from retentates 
and filtrates for control organisms. 
For 1 degree of freedom p<0.001. Thus, there was a significant 
difference between activity from retentates and filtrates i. e. greater 
antibiotic production from retentates. 
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Table 7: Total number of observed and expected antibiotic zones 
from retentates and filtrates with defined media. 
Retentate Filtrate 
Glucose-limited 0 144.0 62.0 
(M 4) E 145.4 60.6 
Nitrogen-limited 0 139.0 30.0 
(M 5) E 119.3 49.7 
Phosphate- li m ited 0 161.0 93.0 
(M 6) E 179.3 74.7 
Chi-squared = 17.5 
Null hypothesis = no difference between antibiotic activity from 
retentates and filtrates in defined media (M4, M5, M6). For 2 
degrees of freedom p< 0.001. Thus, there was a significant 
difference between antibiotic activity from retentates and filtrates in 
defined media i. e. greater antibiotic production from the retentates. 
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PLATE 1. Filamentous morphology of a retentate. 
PLATE 2. Fragmented morphology of filtrate. 
PLATE 3. Filamentous morphology of a retentate at a greater magnification. 
PLATE 4. An isolated fragment from a filtrate. 
PLATE 5. A linen pore Nvith dimensions of 367 x 278 jum. 
Results from table 5 illustrate greater antibiotic production from 
retentates than from filtrates for both test and control organisms. 
This was statistically confirmed (table 6). From these results it can 
be seen that the hyphal screen has had a more marked effect on the 
test organisms where antibiotic activity has increased until the fifth 
retentate filtration. 
There was less antibiotic production from organisms subcultured in 
malt yeast broth than from the three defined media used: glucose- 
limited, M4 (to avoid carbon catabolite repression), nitrogen- 
limited, M5 (to prevent nitrogen catabolite repression) and 
phosphate- Iim ited, M6 (to avoid phosphate repression) (table 5). A 
significant difference was found between retentates and filtrates 
subcultured in defined media (table 7). 
Defined media are more useful for studying the regulation of growth 
and antibiotic production than complex media and avoid problems 
arising from low rates of oxygen transfer typical of higher viscosity 
media obtained from complex nutrient extracts [Rollins et al., 
1989]. 
The scanning electron micrographs show a filamentous morphology 
from test retentates (plates 1 and 3) as opposed to the fragmented 
mycelia of test filtrates (plates 2 and 4). The development of a 
filamentous morphology simultaneously with increased antibiotic 
production suggests that synthesis of antibiotic may be associated 
with cellular morphology. 
54 
Experiment 3.2 was repeated at the Laboratories of ICI 
Pharmaceuticals using acidophilic and neutrophilic streptomycetes 
from the ICI collection. The results (appendix 8) corroborated the 
work carried out at Surrey. 
The linen filter, made of cellulose (chemically and physically 
stable), appeared to select for filamentous forms present in the 
wild-type population, resulting in an antibiotic-producing retentate. 
It must be noted that despite using linen to transfer hyphae, 
organisms did not appear to be immobilized on the linen during 
shake-flask cultivation. Thus, linen was not used as an inert support 
and cannot, therefore, be compared to solid agar. Under the light and 
scanning electron microscopes, linen pore size dimensions appeared 
large (3.2, appendix 7). However, loose fibres crossing over each 
large pore resulted in a number of small randomly sized pores being 
observed (plate 5). It is more probable that these randomly sized 
pores select for a filamentous growth. 
A variant of Streptomyces hygroscopicus cultured in liquid media 
lost the ability to produce the antibiotic turimycin in conjunction 
with a fragmented morphology. This variant failed to survive for 
more than two days after the end of growth in liquid culture [Roth et 
al., 1982] unlike the non-antibiotic-producing filtrate where 
viability was retained upon transfer from liquid to liquid and liquid 
to solid media. 
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SUMMARY 
1. Antibiotic production increased with retentate enrichment. 
2. The development of a filamentous morphology, with 
increasing retentate enrichment, was observed under the 
scanning electron microscope. 
3. Antibiotic activity in phosphate-limited M6, although not 
great initially was maintained for a longer period of time 
than in glucose-(M4) and nitrogen-(M5) limited media. 
4. Antibiotic activity, although initially good in carbon- 
limited M4, "tailed off" at a greater rate than in M5 and 
M6. This is likely to be due to organisms quickly utilising 
the limited amount of glucose and thus in doing so attain 
idiophase sooner than when subcultured in nitrogen- and 
phosphate- limited media. 
5. Less antibiotic activity was exhibited in non-defined 
medium MYB than in defined media (M4, M5, M6). 
It appears that the hyphal screen selects for growth forms more 
resistant to mechanical damage (incurred during shake-flask 
fermentation). This results in antibiotic production in liquid 
culture from "agar only" strains i. e. strains initially producing 
antibiotic on solid media only. 
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EFFECT OF AN ACRYLIC RESIN (JUNLON) ON MORPHOLOGY 
AND ANTIBIOTIC PRODUCTION 
4.1 Introduction 
Occasionally due to oxygen limitation, pellet formation occurs in 
liquid cultures of filamentous microorganisms [Bushell, 1988]. 
Pelleted and fragmented hyphae are the two extremes of liquid 
culture morphology. They are unsuitable for many types of product 
formation, particularly if antibiotic production is the goal. It would 
be useful to incorporate Junlon (see discussion) into submerged 
culture as it has been found to prevent pelleting and enhance well 
dispersed growing mycelium [Trinci, 1983; Jones et al., 1988a; 
Hobbs et al., 1989]. Junlon is believed to act by inducing 
electrostatic repulsion between spores or cells and thus prevents the 
initial aggregation of spores in inocula and the subsequent clumping 
of mycelia in the growing culture [Jones et aL, 1988b]. Experiment 
4.2 was performed in order to investigate whether lack of activity in 
liquid culture was due to micropelleting. 
4.2 Materials and Method 
Organisms were selected (2 controls, 3 tests as in 3.2) for seed 
flask inoculation and then shaken (220rpm) for 2 days prior to 
subculturing into glucose-(M4) nitrogen-(M5) and phosphate- 
(IV16) limited media and MYB (appendix 3) for 4 days (300C). 
Before inoculation 0.2% w/v Junlon PW 110 (kindly supplied by Dr 
AP Trinci) was added to all production media. Control flasks lacking 
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Junlon were set up in parallel. When the fermentation had finished, 
samples were taken for SEM (appendix 5) and antibiotic assays 
(1-3). 
Biomass Determination 
An attempt to determine the biomass was made by centrifuging each 
sample at 1,000 g to remove Junlon before drying the remaining 
sample at 1000C until the weight remained constant [Trinci, 1983]. 
Values (mg/ml) were unrealistically high indicating a lack of 
success in separating Junlon from biomass. 
4.3 Results and Discussion 
Morphology 
On the basis of electron microscopy, Junlon did not affect the 
morphology of control or test organisms. 
Figures 
Table 8: Total number of antibiotic zones from (A) TEST and (B) 
CONTROL organisms subcultured in media with and without Junlon. 
(A) Subculture Media-Junlon Media+Junlon 
Def. Def+MYB Def. Def+MYB 
1 17 21 22 25 
29 10 14 15 
(B) Subculture Media-Junlon Media+Junlon 
Def. Def+MYB Def. Def+MYB 
1 22 26 17 20 
2 19 20 12 13 
(Def = defined) 
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(Number of antibiotic zones was out of a possible maximum of 48 for 
control organisms and 72 for test organisms). 
Statistical Analysis (1.4) 
Table 9: Total number of observed and expected antibiotic zones 
from (A) TEST and (B) CONTROL organisms in media with and 
without Junlon. 
(A) Media-Junlon Media+Junlon 
Observed 31.0 40.0 
Expected 35.5 35.5 
Chi-squared = 1.14 
Null hypothesis = no difference in antibiotic activity from TEST 
organisms subcultured in media with and without Junlon. For 1 
degree of freedom p<0.50 but > 0.20. Thus, the null hypothesis was 
accepted i. e. there was not any significant difference. 
(B) Media-Junlon, Media+Junlon 
Observed 46.0 33.0 
Expected 39.5 39.5 
Chi-squared = 2.14 
Null hypothesis = no difference in antibiotic activity from CONTROL 
organisms subcultured in media with and without Junlon. For 1 
degree of freedom p< 0.20 but > 0.10. Thus, the null hypothesis was 
accepted i. e. there was not any significant difference. 
There was very little difference in antibiotic activity from both test 
and control organisms subcultured in media with and without Junlon 
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(table 8). The difference was not proved to be significant (table 9). 
Thus, Junlon had little if any effect on morphology and antibiotic 
production. 
In liquid culture Streptomyces species have frequently been shown 
to grow in pellet form [Williams et al., 1974]. These pellets, 
composed of densely interwoven hyphae are generally spherical in 
shape. Pirt [1967] noted that such pellets were the subject of mass 
transfer limitations which produced solute gradients through the 
spheres. Cells at the centre of the pellet became nutrient limited and 
as the pellet increased in size, growth was eventually confined to a 
shell of limited thickness at the surface of the sphere [Pirt, 1967]. 
Junlon PW110 (4-2), an anionic, cross-linked polymer of acrylic 
acid prevented the production of large mycelial clumps resulting in 
dispersed hyphal filaments of numerous minute pellets with an 
increase in biomass yield, from a range of Basidiomycetes [Jones et 
al., 1988a]. 
Similar results were obtained from Hobbs et al. [1989] where 
improvements in both biomass yield and antibiotic product yield 
from Streptomyces were found to result from the incorporation of 
Junlon into minimal medium. They found that the polymer not only 
reduced pellet diameter but also caused the mycelium within these 
pellets to be less dense. However, hyphae extending from such 
loosely packed pellets may have been more susceptible to shear 
forces. 
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The fact that Junlon affected neither morphology or antibiotic 
production in organisms producing antibiotic on solid media only, 
suggests that the lack of antibiotic production in submerged culture 
was not due to micropelleting. This confirms that the lack of 
antibiotic production in liquid culture (section 2) was attributed to a 
fragmented morphology as was found in section 3. 
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TIME COURSE STUDY OF BIOMASS AND ANTIBIOTIC 
PRODUCTION OF A TEST RETENTATE AND FILTRATE 
5.1 Materials and Method 
Organism Used: An isolate producing antibiotic on solid media only. 
Culture Conditions: The filtration hyphal selection experiment was 
carried out as in 3.2 where a retentate and a filtrate were obtained 
after filtering a culture through linen (appendix 6). 
The biomass (mg/ml) appendix 9, and antibiotic activity (zone size) 
1.3, of both retentate and filtrate were determined from days 0 to 4. 
The production medium used was glucose-limited M4 (appendix 3). 
5.2 Results and Discussion 
Table 10: Biomass and antibiotic activity of (A) retentate and (B) 
filtrate. 
(A) Retentabe 
Time (Hrs) Average Biomass (mg/ml) 
0 0.23 
24 0.57 
48 0.91 
72 1.25 
96 1.32 
B Filtrate 
Time (Hrs) Average Biomass (mg/ml) 
0 0.24 
24 1.20 
48 2.05 
72 2.78 
96 2.90 
Antibiotic Zone (mm) 
10.0 
20.0 
21.0 
23.0 
22.5 
Antibiotic Zone (mm) 
0 
0 
0 
10 
0 
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Figure 7: Biomass (mg/ml) and Antibiotic Activity (zone size) versus 
Time (hours) of a Retentate and a Filtrate. 
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From the results (table 10, figure 7) one can see that the retentate 
exhibited a slow growth rate in conjunction with increased antibiotic 
production unlike the faster growing filtrate which, with the 
exception of a very small antibiotic zone (96 hours), did not produce 
antibiotic. Thus, time course work confirmed that specific activity 
was affected so the effect was not due to biomass yield of retentate 
(antibiotic producer) compared to that of filtrate (non-antibiotic 
producer). Yoshikawa et aL [19821 also observed that the growth 
rate of a no n- anti biot ic-producing Streptomyces strain was greater 
(1.4 times) than that of the corresponding producer and noted that 
high antibiotic yielding strains frequently had deregulated 
metabolisms that were directly associated with secondary 
metabolism. 
It is probable that energy and substrates are used wastefully in this 
unusual metabolism resulting in a lower growth rate of an 
a ntibiotic- prod uci ng strain. 
The antibiotic zone produced by the filtrate on day 3 (figure 7) was 
likely to be due to a small percent of the filtrate population being 
present in a filamentous form (section 3). 
Summarising, it seems that the anti biotic-prod uci ng retentate 
mycelium and the non-producing filtrate mycelium were both viable 
and that the filtrate was capable of a faster growth rate. This inverse 
relationship between growth rate and secondary metabolism is well 
established [e. g. Piret and Demain, 1988]. Also, filamentous 
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morphology of a retentate (section 3) appears to be associated with a 
slow growth rate. 
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6 THE HYPHAL GROWTH UNIT OF A RETENTATE AND A 
FILTRATE 
6.1 Introduction 
All members of the genus Streptomyces produce Gram-positive 
mycelia consisting of branched vegetative hyphae which do not 
readily fragment [Pridham and Tresner, 1974]. 
Whilst individual hyphae grow at linear rates, branching has been 
found to provide a means of maintaining exponential growth by 
creating new growth points [Prosser et al., 1988]. Results from 
Reisenberg and Bergter (1979) suggested that branch initiation in 
streptomycetes was regulated by mechanisms that involved the 
organism monitoring its own biomass. Miguelez et al. [1988] 
observed that chromosome replication and envelope growth were a 
tightly coupled phenomena regulating growth. 
The morphology, determined mainly by apical growth [Locci and 
Schaal, 1980; Brana et al., 1982; Gray et al., 1990. ] and 
branching, can be characterised quantitatively by the hyphal growth 
unit (HGU) which reaches a constant value by 24 hours [Riesenberg 
and Bergter, 1979]. The HGU represents the main cytoplasmic 
volume supporting apical growth and equals the total hyphal length of 
mycelia (L) divided by the number of hyphal tips of mycelia (N). 
This unit of measure originated from work carried out by Caldwell 
and Trinci (1973) on fungal hyphae, which like streptomycetes 
grow apically (i : section 3.2). 
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The purpose of experiment 6.2 was to determine if a difference in 
HGU existed in a slow-growing retentate and a fast-growing filtrate 
(section 5). Also, to establish fragment size (section 3) and its 
influence, if any, on antibiotic production. 
6.2 Materials and Method 
Organism Used: An isolate producing antibiotic on solid media only. 
Culture Conditions: A filtration shake-flask fermentation was 
carried out as in 3.2. 
Retentate and filtrate glucose-(M4), nitrogen-(M5) and phosphate- 
(M6) limited broths were sampled at 24,48 and 72 hours and 
aliquots dispensed onto select micro slides. Slides were heat fixed 
before staining with crystal violet (0.2% w/v). 
Microscopy: Light mircroscopy, using a Vickers microscope (model 
number M170431), was used to study the morphology of retentates 
and filtrates. 
A) Photographs were taken using an Olympus (OM2) camera and the 
total mycelial length (gm) and the number of tips calculated from 
the corresponding prints. 
B) Fragment lengths from filtrates were calculated using an 
eyepiece graticule where each eyepiece division equalled 0.01 mm. 
67 
6.3 Results and Discussion 
Table 11: Hyphal growth units of retentates and filtrates 
subcultured in glucose-limited (M4) media. 
M4 Retentate 
Sample Total Mycelial Number of Hyphal Growth 
Number Length gm (L) Tips (N) Unit (UN) 
1 82.39 
2 111.87 
3 139.08 
4 138-32 
5 79.37 
6 57.78 
7 57.78 
8 36-67 
9 42.22 
10 68.89 
11 55.56 
12 38.80 
13 73.33 
14 86-67 
15 111.11 
16 152.68 
17 49.13 
18 63-33 
19 69-99 
20 112.22 
21 43.33 
22 45-56 
23 57.78 
24 84-66 
25 85.41 
7 11.77 
8 13.98 
10 13.91 
10 13.83 
5 15.87 
4 14.45 
5 11.56 
4 9.17 
5 8.44 
6 11.48 
6 9.26 
4 9.70 
7 10.47 
6 14.45 
129.26 
13 11.74 
5 9.83 
6 10.56 
7 10.00 
13 8.63 
4 10.83 
4 11.39 
5 11.56 
8 10.58 
8 10.68 
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M4 Filtrate 
Sample Total Mycelial Number of Hyphal Growth 
Number Length lam W Tips (N) Unit (L/N) 
1 86-67 
2 135.30 
3 188.96 
4 100.53 
5 135.56 
6 77.77 
7 77.77 
8 160.00 
9 54.44 
10 74.40 
11 176.67 
12 104.31 
13 57.45 
14 103.55 
15 117.16 
16 54.44 
17 101.11 
18 149.66 
19 64.25 
20 79.37 
21 176.67 
22 136.05 
23 147.39 
24 86.92 
25 105.06 
6 14.45 
9 15.03 
9 21.00 
5 20.11 
9 15.06 
4 19.44 
7 11.11 
1 14.55 
5 10.89 
4 18.60 
1 16.06 
8 13.04 
4 14.36 
7 14.79 
8 14.64 
5 10.88 
7 14.44 
9 16.63 
4 16.06 
4 19.84 
1 16.06 
8 17.01 
8 18.42 
5 17-38 
6 17.51 
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Table 12: Hyphal growth units of retentates and filtrates 
subcultured in nitrogen-limited (M5) media. 
M5 Retentate 
Sample Total Mycelial Number of Hyphal Growth Number Length lam (L) Tips (N) Unit (UN) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
95.24 6 15.87 
74.07 5 14.81 
55.93 4 13.98 
70.29 8 8.79 
83.14 9 9.24 
111.11 11 10.10 
170.07 19 8.95 
96.75 109.68 
66.67 6 11.11 
42.22 4 10-56 
30.00 4 7.50 
43.33 4 10-83 
57.78 4 14.45 
57.78 7 8.25 
37.70 4 9.43 
82.22 6 13.70 
53.33 4 13.33 
54.44 4 13-61 
55.56 5 11.11 
100.53 119.14 
123.20 15 8.21 
50.46 7 8.07 
133.80 10 13.38 
129.25 11 11.75 
42.22 4 10.56 
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M5 Filtrate 
Sample Total Mycelial Number of Hyphal Growth 
Number Length gm (L) Tips (N) Unit (UN) 
1 213.15 10 21.32 
2 132.28 7 18.90 
3 95.56 4 23.89 
4 95.72 5 19.14 
5 140.59 8 17.57 
6 195.01 9 21.67 
7 99.02 6 16.50 
8 352.99 17 20.76 
9 101.10 5 20.22 
10 246.41 12 20.53 
11 279.67 15 18.64 
12 128.50 9 14.28 
13 100.00 6 16.67 
14 51.40 4 12.85 
15 55.15 4 13.79 
16 78.89 5 15.78 
17 111.20 7 15.89 
18 123.45 9 13.72 
19 275.82 15 18.39 
20 121.08 7 17.30 
21 128.50 9 14.28 
22 111.23 6 18.54 
23 70.29 4 17.57 
24 77.10 4 19.28 
25 157.22 8 19.65 
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Table 13: Hyphal growth units of retentates and filtrates 
subcultured in phosphate- limited (M6) media. 
M6 Retentate 
Sample Total Mycelial Number of Hyphal Growth 
Number Length gm (L) Tips (N) Unit (L/N) 
1 115.65 9 12.85 
2 59.71 7 8.53 
3 133.79 9 14.87 
4 64.44 5 12.89 
5 51.11 4 12.78 
6 65-56 4 16.39 
7 59.90 5 11.98 
8 52.22 5 10.44 
9 34.40 4 8.60 
10 49.13 4 12.28 
11 54.42 5 10-88 
12 56.69 4 14.17 
13 115.56 10 11.56 
14 44.40 6 7.40 
15 66.67 6 11.11 
16 43.33 4 10.83 
17 45.35 5 9.07 
18 72.56 7 10.37 
19 53.67 4 13.42 
20 61.22 8 7.65 
21 52.22 4 13.06 
22 89.19 6 14.87 
23 51.40 4 12.85 
24 102.22 8 12.78 
25 138.80 12 11.57 
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M6 Filtrate 
Sample Total Mycelial Number of Hyphal Growth 
Number Length gm (L) Tips (N) Unit (UN) 
1 57.45 4 14.36 
2 76.34 5 15.34 
3 123.20 7 17.60 
4 55.93 4 13.98 
5 111.87 7 15.98 
6 51.40 4 12.85 
7 68.03 5 13.61 
8 119.43 7 17.06 
9 97.77 6 16.30 
10 309.90 16 19.37 
11 77-85 5 15.57 
12 46.67 4 11.67 
13 125.50 7 17.94 
14 84.44 5 16.89 
15 196.52 13 15.12 
16 79.37 6 13.23 
17 77.90 6 12.98 
18 164.02 13 12.61 
19 298.88 20 14.98 
20 55.55 5 11.11 
21 98.24 6 16.37 
22 83.14 5 16.63 
23 133.79 9 14.87 
24 65.56 4 16.39 
25 130.49 8 16.31 
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Table 14: Fragment lengths from glucose-(M4), nitrogen-(M5) 
and phosphate-(M6) limited media. 
M4 Fragments (gm) M5 Fragments (gm) M6 Fragments (gm) 
15-50 14.44 10.00 
15.78 13.33 8.89 
15.78 11.33 11.11 
13-33 13.11 13.33 
10.00 13-33 11.11 
11.11 11.11 12.22 
14.44 10.00 14.44 
14.44 14.44 10.00 
13.11 16.67 12.22 
8.31 7.78 13.33 
Table 15: Average HGU (standard deviation) gm of retentates and 
filtrates subcultured in glucose-(M4), nitrogen-(M5) and 
phosphate-(M6) limited media 
Organism Form Glucose- Nitrogen- Phosphate- 
Limited Limited Limited 
Retentate 11.34 (2.03) 11.06 (2.31) 11.73 (2.30) 
Filtrate 15.89 (2.78) 17.89 (2.81) 15.16 (2.04) 
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Table 16: Average fragment lengths (gm) from glucose-, 
nitrogen- and phosphate- limited filtrates. 
Glucose- Nitrogen- Phosphate- 
Limited Limited Limited 
Fragment Length (gm) 13.18 12.55 11.67 
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m 
PLATE 6. The HGU (13.38 jam) of a mycelial tree from a retentate. 
PLATE 7. The HGU (17.57 pm) of a mycelial tree from a filtrate. 
Despite the fact that the retentates from all three media tested had 
greater hyphal growth unit (HGU) values than the corresponding 
filtrates (table 15, plates 6 and 7), tables 11 to 13 illustrate the 
variability in the number of tips and mycelial length for both 
retentates and filtrates. This was confirmed when the standard 
deviation was calculated (table 15) where the range of figures from 
phosphate-and glucose-limited filtrates overlapped the range of 
figures from the respective retentates. Microscopically, filtrate 
aliquots were more populated than the corresponding retentates. It 
must also be noted that only small, well arranged mycelial trees 
were considered since, because of multiple crossing of hyphae, an 
analysis of mycelial trees of very long total hyphal length was 
impossible. Therefore, the results obtained from small mycelial 
trees can be generalised for the whole culture only with reservation. 
Kretschmer et aL [1981] studied mycelial growth of three 
actinomycetes: Streptomyces hygroscopicus, Thermoactinomyces 
vulgaris and Nocardia albus in glucose- and nitrogen-limited 
chemostats. They found that HGU (UN) changed as a specific 
function of growth rate for S. hygroscopicus and T. vulgaris unlike 
N. albus which was not influenced. With increasing specific growth 
rate the quotient UN of both strains reduced to a critical value, 
however, at much higher growth rates, values of UN tended to 
increase. These results paralleled those of Riesenberg and Bergter 
[1979] where an inverse relationship between HGU and specific 
growth rate was observed in a glucose-limited chemostat. 
Kretschmer [1985] also indicated that HGU was dependent on 
specific growth rate for Streptomyces granaticolor and S. 
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hygroscopidus. However, here HGU was reduced with a reduction in 
specific growth rate in a casamino acid limited chemostat. He 
concluded that HGU was a highly variable parameter depending on 
quantitative and qualitative changes of the growth conditions. 
Physiological differences such as variations in isoelectric point 
[Hagedorn, 1955], enzyme activity [Giolitti, 1960] and 
temperature sensitivity [Boltyanskaya etal., 1972] occur between 
apices and the rest of the hyphae and are likely to affect hyphal 
growth. 
In an exponentially growing culture the growth rate of branch 
formation was found to be identical with the specific growth rate of 
the culture [Caldwell and Trinci, 1973; Trinci, 19741. One would 
have thus expected the faster growing filtrate to have had more 
branches and therefore a lower HGU than the slower growing 
retentate. This was not the case. However, the frequency of branch 
formation in filamentous organisms has been shown to be affected by 
mutations [Mishra and Tatum, 1970], alterations in wall 
composition [Mahadevan and Tatum, 1965] and changes in physical 
conditions [Robertson, 1965]. 
Image analysis was considered for measuring HGU, however, Packer 
and Thomas [19901 found that despite a fully automated system, in 
which speed was gained there was a loss in accuracy for highly 
branched Streptomyces. 
The lengths of the filtrate fragments (occuring from 48 hours) in 
the three limited media are illustrated in table 14. The average 
mycelial fragment length of the non-producing filtrates was 
approximately 13gm (table 16). Although viability studies (section 
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5) indicated that fragments of this size are viable, it appears that a 
fragment 13ýtm in length is too small to be capable of supporting 
antibiotic biosynthesis. There seems to be no reason why fragment 
length should be related to product formation unless antibiotic 
production is localised on the hyphae at a distance of greater than 
13ýLrn from the growing tip. If this is the case, these results may 
account for the variability of antibiotic titres often seen (eg. 
Bushell, 1988) between excessive stirred bioreactor experiments 
where hyphal breakage rates will depend on a number of factors such 
as branching rates in the inoculum, response of stirrer speed to 
dissolved oxygen level and culture viscosity. It must also be noted 
that antibiotic synthesis requires an intact mycelial wall [Rokem and 
Hurley, 1981], thus any breakage or weakness within the hyphal 
wall would be likely to affect antibiotic production. 
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EFFECT OF VARYING NUTRIENT CONCENTRATIONS ON 
MORPHOLOGY AND ANTIBIOTIC PRODUCTION 
7.1 Introduction 
Mycelial fragmentation is inhibited by diluting medium components, 
resulting in concomitant antibiotic production [Shomura et al., 
1979]. Branching is suppressed when mycelium grown in very poor 
media, seeks for improved nutritive conditions [Kretschmer et al., 
1981). It would thus be useful to study morphology and antibiotic 
production of "fragmenting" organisms subcultured in times half, 
times one and times two strength media. 
7.2 Materials and Method 
A) Organisms (2 controls, 3 tests as in 3.2) were grown in 
seed medium, Mg, before being subcultured into x 0.5, x 1, 
x2 strength IVIYB, glucose-(M4), nitrogen-(M5) and 
phosphate-(M6) limited media (appendix 3). Flasks were 
shaken (220 rpm, 30OC: 4 days) before subculturing into 
a further set of flasks containing x 0.5, x 1, x2 strength 
media. Subculturing was repeated. 
An antibiotic assay (1.3) was carried out with each 
subculture and samples were taken for SEM (appendix 5) at 
the end of the fermentation. 
B) A time course of biomass (appendix 9) and antibiotic 
activity was determined for a test organism. 
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7.3 Results and Discussion 
Figures 
Table 17: Total number of antibiotic zones from x 0.5, x 1, x2 
strength media for (A) CONTROL and (B) TEST organisms. 
(A) 
X 0.5 x1X2 
Subculture Def Def+MYB Def Def+MYB Def Def+MYB 
199 14 15 910 
211 12 13 13 1112 
3 14 14 13 13 11 12 
(B) 
X 0.5 x1X2 
Subculture Def Def+MYB Def Def+MYB Def Def+MYB 
1691144 
2 13 16 4466 
318 24 2344 
(Def = Defined) 
(Number of antibiotic zones was out of a possible maximum of 40 for 
control organisms and 60 for test organisms). 
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Statistical Analysis (1.4) 
Table 18: Total number of observed and expected antibiotic zones 
from x 0.5, x1 strength media for (A) CONTROL and (B) TEST 
organisms. 
(A) CONTROL ORGANISMS 
Observed 
Expected 
X 0.5 
35 
38 
1 
41 
38 
Chi-squared = 0.47 
Null hypothesis = no difference in antibiotic activity from x 0.5 and 
x1 strength media for control organisms. 
For 1 degree of freedom p<0.50 but > than 0.20. Thus, the null 
hypothesis was accepted i. e. there was not any significant difference. 
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(B) TESTORGANISMS 
Observed 
Expected 
X 0.5 
49 
28.5 
1 
8 
28.5 
Chi-squared = 29.50 
Null hypothesis = no difference in antibiotic activity from x 0.5, x1 
strength media for test organisms. 
For 1 degree of freedom p<0.001. The null hypothesis was rejected. 
Thus, there was a significant difference in activity from x1 and x 
0.5 strength media i. e. greater antibiotic production from x 0.5 
strength. 
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Table 19: Total number of observed and expected antibiotic zones 
from x 1, x2 strength media for (A) CONTROL and (B) TEST 
organisms. 
(A) CONTROL ORGANISMS 
X2 
Observed 41 
Expected 37.5 
34 
35.5 
Chi-squared = 0.65 
Null hypothesis = no difference in antibiotic anctivity from x1 and x 
2 strength media for control organisms. 
For 1 degree of freedom p<0.50 but > 0.20. The null hypothesis 
was accepted i. e. there was not any significant difference in activity 
from x1 and x2 strength media. 
(B) TEST ORGANISMS 
1X2 
Observed 
Expected 11 
14 
11 
Chi-squared = 1.64 
Null hypothesis = no difference in antibiotic activity from x1 and x2 
strength media for test organisms. 
For 1 degree of freedom p=0.20. The null hypothesis was accepted 
Le. there was not any significant difference in activity from x1 and 
x2 strength media. 
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Table 20: Total number of observed and antibiotic zones from x 
0.5, x2 strength media for (A) CONTROL and (B) TEST organisms. 
(A) CONTROL ORGANISMS 
X 0.5 X2 
Observed 35 34 
Expected 34.5 34.5 
Chi-squared = 0.014 
Null hypothesis = no difference in antibiotic activity from x 0.5 and 
x2 strength media for control organisms. 
For 1 degree of freedom p<0.95 but > 0.90. Thus, the null 
hypothesis was accepted i. e. there was not a significant difference. 
(B) TEST ORGANISMS 
X 0.5 X2 
Observed 49 14 
Expected 31.5 31.5 
Chi-squared = 19.44 
Null hypothesis = no difference in antibiotic activity from x 0.5 and 
x2 strength media for test organisms. 
For 1 degree of freedom p<0.001. Thus, the null hypothesis was 
rejected i. e. there was a significant difference. 
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PLATE 8. Morphology of a test organism subcultured in half strength media. 
Plate 9. Morphology of a test organism subcultured in double strength media. 
The results (table 17) show greater antibiotic production from test 
organisms cultured in half strength than from normal and double 
strength media. This was statistically confirmed (tables 18 and 20). 
However, this was not reflected by control organisms where there 
was no significant difference in antibiotic production from half, 
normal or double strength media. (Tables 17 to 20). 
A low growth rate in conjunction with antibiotic production was 
obtained when a test organism was subcultured in half strength 
media. (Figure 8). This did not compare to the faster growth rate of 
the strain when cultured in normal and double strength media, where 
antibiotic production was not accomplished. 
Plates 8 and 9 illustrate the very branched morphology of the 
organism subcultured into double strength media as opposed to the 
filamentous and less branched mycelia observed from half strength 
media. 
The above results paralleled work carried out by Kretschmer et aL 
[1981] where at low specific growth rates apica. 1 growth responded 
more closely than branching rate to changes of specific growth rate. 
Thus, branching was suppressed which allowed the mycelium to grow 
under suboptimal conditions whilst simultaneously seeking for 
better nutritive conditions. 
This experiment, not as successful as the filtration procedure (3.3) 
in promoting antibiotic production, illustrates the effect nutrient 
limitation can have on the growth and anti biotic-prod uci ng abilities 
of an organism. 
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It appears that test organisms have to be subjected to unfavourable 
growth conditions in order to produce antibiotic. Screens seeking to 
maintain antibiotic production in liquid culture are, therefore, more 
likely to succeed if the liquid stage contains "dilute" ingredients 
which will achieve a nutrient limitation quickly. Thus, diluting the 
already limited media, exerted the necessary selective pressure to 
initiate antibiotic production in the test organism. These results 
may be compared with those from sections 3 and 5 where a slowly- 
growing filamentous test organism produced antibiotic in liquid 
culture. 
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8 STIRRED BIOREACTOR AND MINI-AIRLIFT FERMENTATIONS 
(SCALE UP) 
( ) Stirred Bioreactor Batch Fermentation i 
Introduction 
A batch fermentation is considered to be a "closed system' At the 
time zero, No the sterilised nutrient solution in the fermenter is 
inoculated with microorganisms and incubation is allowed to proceed 
under optimal physiological conditions. Four typical phases of 
growth (lag, log, stationary and death) that reflect changes in the 
biomass and in the environment are observed. In the course of the 
entire fermentation nothing is added except oxygen (in the form of 
air), an acid or base to control the pH and an antifoarn agent. 
Stirred bioreactors have been used successfully in the past and are 
still used today for the commercial production of a wide variety of 
antibiotics. Streptomycete fermentations generally require a very 
high gas-liquid oxygen transfer which can be achieved in a 
mechanically stirred bioreactor by increasing turbulence and thus 
shear [Bushell, 1988]. Unfortunately the morphology of several 
filamentous organisms has been shown to be affected by shear 
resulting from agitational forces [Chisti and Moo-Young, 1987; 
Moo-Young et aL, 1987 ; Yegneswaran et al., 1988]. 
A possible explanation for the occurrence of this phenomena is that 
the hyphal cells undergo considerable changes in internal structure 
such as increased vacuolation and loss of cytoplasmic material after 
the growth phase. These changes would lead to a reduction in the 
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tensile strength of the hyphae and increase their sensitivity to liquid 
shear forces. It should be stressed that these changes are intrinsic to 
mycelial cells in general and are not specific to the confined cell 
culture [Gbewonyo and Wang, 1983]. 
Experiment 8. (i)a was carried out to determine the effect agitational 
forces exerted by the bioreactor (figure 9) had on the morphology 
and antibiotic production of a test "fragmenting" organism. 
8ia Materials and Method 
a) A 10% (v/v) inoculum from a seed flask culture (Mg) was 
added to a 2L fermenter (LH Fermentation, 500 series), figure 9, 
which contained glucose-limited medium, M4 (appendix 3). The 
temperature, agitation and working volume were 280C, 1,000 rpm 
and 1.2L respectively. Aeration was controlled at 1150cc/minute 
using a high accuracy rotameter (Model RS2, Glass Precision 
Engineering Ltd). 
The pH was automatically controlled at 7.0. 
A time study of biomass (appendix 9), glucose concentration and 
antibiotic production (1.3) for the retentate, filtrate and wild-type 
of a test "fragmenting" organism was performed. Samples were 
taken for SEM (appendix 5). 
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b) Glucose Assay - Glucose oxidase Trinder System (Sigma 
Chemical Co Ltd). 
Principle: 
1- Glucose + H20 + 02 Glucose Oxidase + Gluconic Acid + H202 
2. H202 + 4-Aminoantipyrine + p-Hyrdroxybenzene 
sulphonate Peroxidase *Quinoneimene Dye +H 20 
Absorbance maxima 505nm 
the intensity of the colour produced* was directly proportional 
to the glucose concentration in the sample. 
Assay 
1. The Trinder glucose oxidase reagent was made up to 1 00mls 
with distilled water. 
2. Dilutions of a standard glucose solution (750gg/ml) were 
made to give 0,150,300,450 and 600 gg/ml standards 
(appendix 10). 
3. The glucose oxidase solution (3mls) was added to 0.1 ml of a 
1/50 dilution of all samples and standards. After 20 minutes 
at room temperature, readings were taken using a 
spectrophoto meter, X 505nm. 
ii) Mini-Airlift Fermentation 
introduction 
Workers in the USSR and Eastern Europe have extensively employed 
airlift vessels for SCP yeast cultivation [Blakebrough et aL, 1967]. 
On an industrial scale, ICI have operated a 150OM3 airlift 
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fermentation for Pruteen production [Westlake, 1986]. Today the 
airlift system is also commonly used for shear-sensitive animal 
cells. The main advantages of the mini-airlift fermenters are 
versatility, simplicity of construction and the absence of areas of 
high shear. 
The mini-airlift fermenter (figure 10) was operated by pumping 
air through a sintered glass sparger which distributed the air in the 
form of small bubbles around the vessel which effected circulation 
by means of a draught tube arrangement. The objective was to 
minimise shear and mycelial damage to a shear-sensitive organism. 
The system has the advantage of greater mechanical simplicity than a 
stirred bioreactor. 
8(ii)a Experiment 
Materials and Method 
Organisms used: 7 isolates that produced antibiotic on solid media 
only. 
A 10% (v/v) inoculurn from an Mg seed culture was added to a 
250ml capacity mini-airlift fermenter. The production medium 
used was phosphate-limited M6 (230ml) (appendix 3), the 
temperature was fixed at 28.50C and the aeration controlled at 950 
cc/minute using a high accuracy rotometer Model RS2 (Glass 
Precision Engineering Ltd). 
Samples for biomass, antibiotic assays and SEM were taken at the end 
of the fermentation (4 days). 
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Figure 9: A Bioreactor Illustrating the Rushton Turbine Impellor used 
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Plate 10. Morphology of an antibiotic - producing test "fragmenting 11 organism. 
Plate 11. Morphology of a non - antibiotic producing test organism. 
) Results (figures 11 to 13, plates 10 and 11) and 
Discussion 8(i) and 8(ii) 
The bioreactor experiment confirmed the shake-flask results (2.3), 
where agitational effects from the vessel resulted in a non- 
filamentous morphology in conjunction with a lack of antibiotic 
production. In this experiment the retentate exhibited slow growth 
(as in section 5) and slow glucose utilisation rates (figure 11) 
compared to the wild-type (figure 12) and the filtrate (figure 13). 
It seems that the population existing in the wild-type is very similar 
to that in the filtrate form. Although one might have expected the 
slower growing retentate to have produced antibiotic, it seems that 
despite hyphal selection the organism remained susceptible to shear, 
resulting in no antibiotic production. Thus, shear appears greater 
from the stirred bioreactor than from the shake-flask. This is not 
too surprising when one considers the agitational forces exerted by 
Rushton turbine impellors. The control organism S. griseus 
produced anti Gram-positive activity. 
Finn and Fiechter [1979] noted that the stirred tank exhibited a 
region of high shear near the impellor as well as moderate shear 
throughout. It would be advantageous if the bioreactor could be 
engineered to provide a uniform distribition of shear, throughout the 
tank and so subject the whole population to the same conditions. 
Filamentous organisms are known to be problematic because of their 
physical properties which change so drastically with time. 
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The mini-airlift fermenter, with its low shear fields, provides an 
advantage over the stirred bioreactor, for shear susceptible 
organisms. 
Indeed, the mini-airlift fermentation was more successful in that 
reduced shear resulted in antibiotic activity being observed in two 
test organisms. Plate 10 illustrates the more filamentous 
morphology of an antibiotic-producing organism compared to the less 
filamentous mycelia of a non -antibiotic-producing organism (plate 
11). Again, as in sections 3 and 7a filamentous morphology has 
been associated with antibiotic production. 
However, the poorly circulated liquid and thus insufficient mixing 
prevented the promotion of antibiotic production from the other test 
organisms. The control S. griseus gave anti Gram-positive activity. 
Merchuk [1990] found that despite the success of shear-sensitive 
cultures in airlift reactors, very viscous cultures created problems 
where energy dissipation was too great and the recirculation rate 
obtained too low. 
Moo-Young and Chisti [1988] minimised shear and thus improved 
the quality of polymeric microfibrils produced by an Acetobacter 
spp. by combining a stirred tank with a concentric sparged airlift 
device to form a hybrid reactor. A scale up of this hybrid reactor 
from a 50L to a 1, OOOL (working volume) proved successful in 
respect of both biomass and polymer quality. A similar bioreactor 
could be designed for shear- sensitive Streptomyces spp. where the 
impellor used by Moo-Young and Chisti could be replaced with a low 
shear impellor (specifically designed for animal cell fermentations, 
LH fermentation) before being combined with an airlift device. It is 
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quite probable that such a system would be successful due to the 
impellor's gentle agitation which would enhance the airlift action to 
improve mixing and thus keep shear rates successfully low. 
The fact that circulation was hindered due to a critical biomass 
indicates the need for more standardised airlifts with greater mixing 
efficiencies. 
An "ideal design" for a mini-airlift fermenter is illustrated in figure 
14. This model has a much larger sparger and would set up a 
circulation down the central tube. This was the objective with the 
original design but was not attained due to the effects of accumulated 
biomass inhibiting flow. Such a design should avoid the critical 
biomass effect and is suggested as a suitable design for mass 
screening. 
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9 CELITE IMMOBILIZATION 
9.1 Introduction 
Celite, of which the main chemical constituent is silica, is selected as 
a suitable carrier for the growth and entrapment of filamentous 
anti biotic-prod uci ng organisms, because of its affinity for 
attachment of mycelial cells, resistance to microbial degradation and 
non-toxic properties [Gbewonyo and Wang, 19831. 
Streptomyces cattleya attaches readily to celite particles in shake- 
flask fermentations, resulting in greater antibiotic (thienamycin) 
production [Baker et al., 1983]. 
The celite immobilized cell approach is advantageous in reducing 
end-product and substrate inhibition, decreasing medium viscosity 
(thus improving bulk mixing as well as oxygen transfer 
coefficients) and separately optimising the growth and production 
phase [Arcuri et al., 1983]. 
9.2 Materials and Methods 
9.2.1 Preparation of Celite 
The celite (0-2-0.5mm particle size, BDH Chemicals Ltd) was 
treated to eliminate the fines by suspending in distilled water, 
agitating vigorously, allowing to settle for 10 seconds and decanting. 
This process was repeated several times until the celite settled from 
a clear supernatant within 10 seconds. The celite was dried to a 
constant weight and used without further treatment. 
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9.2.2 Celite Immobilization 
Organisms Used: 7 isolates (as in section 8) producing antibiotic on 
solid media only. 
10% (v/v) inocula from 24 hour seed cultures of the "fragmenting" 
organisms, were made into second seed flasks containing 0.15 mglml 
of celite. Flasks were shaken (220 rpm) for 3 days (300C) before 
the supernatant was taken off and replaced with phosphate- limited 
(M6) media. An aliquot to be tested for antibiotic production was 
taken after a further 24 hours fermentation. Defined media was then 
replaced daily to determine antibiotic production from days 1 to 4. 
(1.3). Samples for SEM (appendix 5) were taken. Control flasks 
lacking celite were set up in parallel. 
9.2.3 Biomass 
The immobilized cells were washed twice with distilled water, dried 
to a constant weight and treated in a furnace overnight at 6000C to 
burn away the biomass -The concentration of cells present was 
calculated by the difference. [Baker et aL, 1983]. 
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Plate 12. A test organism producing antibiotic from a celite immobilized culture, 
9.3 Results and Discussion (Plate 12) 
From the seven "fragmenting" organisms tested, two produced 
antibiotic from days 1 to 4 and one produced antibiotic activity on 
day 4 only. Biomass (mg/ml) ranged from 6.3 to 8.2. Antibiotic 
diversity did not differ from that displayed in the droplet experiment 
(2-3). Non-immobilized organisms did not produce antibiotic 
activity. 
It must be noted that it was impossible to extract all of the growth 
medium (Mg) when exchanged with the phosphate-limited production 
medium. 
From plate 12, one can see the anti biotic-produci ng test organism 
attached to the celite. The structure, although filamentous, looks 
delicate, probably due to a rapidly approaching death phase after 
antibiotic production has been accomplished. Under the scanning 
electron microscope non -antibiotic-producing organisms appeared 
unattached. Arcuri et al. [1983] found that actual attachment to 
celite of S. cattleya cells (in the production of thienamycin) appeared 
to involve fibrils which anchored the cells to the solid support. 
No such observations were made for celite attached organisms in this 
study under the scanning electron microscope. It is quite likely that 
cells attached to the celite particles are protected from the 
agitational forces exerted by a shake-flask unlike the unattached 
cells which are completely exposed to the shear forces and thus, do 
not produce antibiotic. A chemostat fermentation could be used to 
"wash out" cells not attached to increase the incidence of attachment. 
But this was not attempted. 
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Immobilized cell reactors offer long-term continuous operation, 
high volumetric productivity (antibiotic production achieved for 
more than 180 days, Baker et al., 1983) and reduced capital 
expenditure. Antibiotic-producing immobilized cells can be 
considered as catalysts which may be used many times. 
Despite the apparent potential of this novel antibiotic-producing 
fermentation technique, little success was achieved when an attempt 
was made to scale up to a 500L stirred tank fermenter. This used 
high aeration, with either a turbine impellor or a propellor, but 
resulted in no growth with the propellor and only a low degree of 
attachment of cells to celite with the impellor [Buckland et al., 
19 85]. 
Summarising one could almost compare celite immobilization with 
solid agar cultures where growth has been encouraged (high biomass 
values) and antibiotic production has been accomplised from some 
"fragmenting" organisms. 
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1 SELECTION OF A STABLE PHENOTYPE WITH A RETENTATE- 
TYPE MORPHOLOGY 
10.1 Materials and Method 
Organisms Used: 7 isolates (as in sections 8 and 9) that produced 
antibiotic on solid media only. 
After inoculating seed cultures (Mg) with "fragmenting" organisms 
10% (v/v) and shaking (220rpm) for 3 days (300C), aliquots were 
subcultured into phosphate limited-(M6) media, before filtering 
through linen to obtain retentates (3.2). Retentates were inoculated 
into second flasks of defined media, shaken and filtered daily 
(compared to every 4 days: 3.2). Samples were aliquoted onto solid 
media (MYA) to determine growth and antibiotic production under 
normal shake-flask culture conditions. 
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10.2 Results and Discussion 
Table 21: Substrate and aerial mycelium appearance and antibiotic 
activity from two wild-types (solid media) and the respective 
variants. 
Organism Substrate 
Mycelium 
Macroscopic 
Appearance 
Aerial Mycelium 
Macroscopic 
Appearance 
Antibiotic Activity 
(zone size (mm)) 
against challenge assay 
Wild-type A Cream/Yellow Pale Grey S. a ureus 20 mm 
("agar only" 
producer) 
Variant A Cream White* OS. aureus: 22 mm 
Wild-type B S. aureus: 1 Omm 
("agar only" Yellow/Brown Grey K. aerogenes 16mm 
producer) E. coli ss: 15 mm 
E coli : 16 mm 
Variant B Yellow White* 8 S. aureus : 20mm 
IE coli ss: 16 mm 
(*It must be noted that aerial mycelia were sparse for both variants 
and did not become grey until after long-term storage at room 
temperature. wAntibiotic production from both variants was 
maintained throughout this study. ) 
From seven selected "fragmenting" organisms, two (variants A and 
B) gave promising results where growth occurred until day 7 
resulting in antibiotic production and a filamentous morphology 
without necessitating filtration enrichment. Table 21 illustrates the 
substrate and aerial mycelium appearance and the antibiotic activity 
from the wild-type "agar only" producers and the respective 
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variants. Both variants exhibited much slower growth rates on solid 
agar then the respective wild-types. 
There appears to be very little difference in antibiotic production 
from the wild-types and variants, however there has been a 
considerable change in the gross morphology of the variants. It thus 
appears that the growth rate has a major influence on the cell form. 
The changed morphology and slow growth on solid media indicate that 
spontaneous mutations have likely occurred in both organisms. 
The rate of spontaneous mutation in streptomycetes depends on the 
growth conditions of an organism and is between one per 106 and one 
per 107 [Crueger and Crueger, 1984]. 
There is a wealth of data reporting antibiotic production in mutated 
organisms. These mutants can arise from chemical or radiation 
treatment or more rarely they can arise spontaneously. 
For example, antibiotic production and a filamentous morphology was 
obtained from Streptomyces halstedii cultured in a complex liquid 
medium after the organism was mutated, using N-methyl-N-nitro- 
N-nitrosoguanidine, and subjected to a hyphal screen [Shomura et 
al., 19791. 
Wieczorek and Mordarski [1976] mutated Streptomyces ofivaceus, 
(which readily lost the capability of antibiotic production during 
normal passaging) to produce antibiotic once more by treating the 
organism with ethyleneimine and U. V. radiation. Klanova et al. 
[1977] found that variants of Streptomyces nogalater producing 
nogalomycin, obtained by natural selection without mutagenic 
treatment, produced more antibiotic than variants mutated with UV 
and gamma radiation. Blumauerova et al. [19801 found that the most 
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active, antibiotic- (be ro myci n) producing spontaneous variant of 
Streptomyces glomeratus differed from the wild strain by a 
suppressed ability to produce aerial mycelium and melanoid pigment. 
From the present results, it appears that the hyphal selection has 
induced organisms A and B to spontaneously mutate resulting in slow 
growing, stable phenotypes with retentate-type morphologies and the 
abiltiy to produce antibiotic . 
This result offers great potential for exploiting an untapped gene pool 
of organisms that do not normally produce antibiotics in liquid 
culture. Presumably, such organisms have the potential to produce 
antibiotics which are "novel" in that they have not, hitherto, passed 
the first hurdle in screening programmes. 
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11 BIOCHEMISTRY OF THE CELL WALL 
Introduction 
There are many instances in which the mycelial cell wall of a 
streptomycete has been shown to contain the antibiotic it produces 
[e. g. Barabas et al., 1978; Rokem and Hurley, 1981; Szabo et al., 
1986]. Barabas et al. [1980] also made the interesting discovery 
that peptidoglycan fragments of a streptomycin producing S. griseus 
contained streptomycin bound to a cell wall peptide containing 
alanine, glycine, diaminopimelic acid and glutamic acid. 
To determine any potential differences between the filamentous 
antibiotic-producing retentate and fragmented non-antibiotic- 
producing filtrate it would be useful to study aspects of cell wall 
biochemistry. The isomeric form of DAP and the amino acid 
content of the cell wall can be determined by TLC (11.2A). An 
analysis was carried out on a retentate and a filtrate to determine the 
DAP and amino acid content of the cell wall. 
In this section, a novel approach was employed in which antibiotics 
affecting cell wall synthesis were tested against retentates and 
filtrates to assess differences (if any) in sensitivity between the two 
forms (11.213). The rationale is that the more resistant form may 
contain elevated levels of the enzyme which acts as the target of the 
particular antibiotic involved. Conversely, if a particular type of 
morphology was found to be more sensitive to a given antibiotic, the 
implication would be that there are depressed levels of the target 
enzyme in the sensitive form. 
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1 .2 Materials and Methods 
(A TLC 
(i) Isomeric form of DAP [modification of I. J. Bousfield et al., 
19851. 
Uquid Culture: Liquid culture (10ml) was washed twice with 
distilled water and was centrifuged at 3,200g for 15 minutes. 
The pellet formed was washed with 95% (v/v) ethanol and 
centrifuged as above. After transferring the pellet to a tube with a 
polytetrafluoroethylene (PTFE) lined screw cap, Ilml of 6N HCI was 
added before the tube was incubated at 1000C for 12-18 hours. The 
hydrolysate was passed down a glass pasteur pipette containing a 
small glass wool plug to filter out any large particles. 
TLC: Several (5-6) capillary tube loads were applied to a Kodak 
cellulose TLC plate (13255 cellulose without fluorescent indicator). 
When the plate had dried it was developed in methanol - water - 6N 
HCI - pyridine (40: 13: 2: 5) for approximately 3.5 hours. 
The plate was left to dry until pyridine could not be detected by smell 
(approximately 1-2 hours if a fan is used). 
DAP detection: The plate was sprayed with 0.2% (w/v) ninhydrin in 
acetone and then heated for 5 minutes at 1 OOOC. It was then 
examined for characteristic green spots. 
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Solid Culture: The biomass was scraped from an inoculated agar 
plate and transferred to a tube with a PTFE-lined screw cap. 
The method was then continued as for liquid culture. 
(ii) Alkali digestion for amino acid detection (modification of the 
Aberdeen method, Bousfield etaL, 1985). 
Liquid Culture: Liquid culture (25ml) was washed twice with water 
and was centrifuged at 3,200 g for 15 minutes. The pellet was then 
transferred to a PTFE sealed tube before 2ml of 0.6M KOH was added. 
The suspension was autoclaved at 1 atmosphere (101.3kPa) for 5 
minutes, in a domestic pressure cooker, and then immediately cooled. 
After cooling, some clearing occurred but the suspension remained 
turbid. 
The suspension was diluted to 10ml with 2N HCI to prevent any 
further clearing, before centrifuging at 3,200 g for 20 minutes. 
After washing twice in 10ml amounts of distilled water, using 
centrifugation at 3,200g for 20 minutes per wash, the deposit was 
resuspended in 0.5ml of 1ON HCI. 
The deposit was then further diluted with twice its own volume of 6N 
HCI: Overnight hydrolysis was then undertaken. 
TLC: Several (5-6) capillary tube loads were applied to a Kodak 
cellulose TLC plate (as for (i)). 
After thoroughly drying, the plate was developed for approximately 2 
hours in n-Butanol - acetic acid - water (8: 2: 2). 
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Amino acid detection: When the plate was dried, it was sprayed with 
ninhydrin acetic acid reagent. 
Ninhydrin (0.3g) was dissolved in 100ml n-butanol (butan-1-ol) 
before 3mls of acetic acid was added. 
The chromatograrn was then heated at 11 OOC for 5 to 10 minutes. 
Solid Culture: Biomass was scraped from an inoculated agar plate and 
transferred to a tube with a PTFE-lined screw cap. 
The method was then continued as for liquid culture . 
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(B) 
A cup plate antibiotic assay (1.3) was employed where nutrient agar 
was seeded with 4% v/v of test organism and tested against 
antibiotics affecting cell wall synthesis (table 22), at the following 
concentrations: 
Table 22 
Antibiotic Concentration (mg/ml) 
Penicillin G 1.00,10.00,20.00 
Streptomycin 0.10,2.00,4.00 
Penicillin V 1.00,2.00,4.00 
Cycloserine 4.00,10.00,20.00 
Carbenicillin 4.00,8.00,20.00 
Vancomycin 0.05,0.10,2.00 
Cephaloridine 0.10,1.00,2.00 
Bacitracin 0.10,1.00,2.00 
Mitomycin C 0.10,0.02,0.10 
Tunicamycin 0.01,0.15,0.10,1.00 
Two "fragmenting" organisms that had the ability to form a stable 
phenotype (10-2) with a retentate-type morphology were selected 
for this experiment. 
117 
11.3 Results and Discussion 
(A) 
Table 23: DAP A(i) and amino 
A (i) DAP Analysis 
Organism Type 
Filtrate solid 
Retentate solid 
Filtrate liquid (non-defined Mg) 
Retentate liquid (Mg) 
Filtrate liquid (Defined) 
Retentate liquid (Defined) 
Controls 
Streptomyces cattleya 
Saccharopolyspora species 
(obtained from J McDermott) 
A (ii) Amino Acid Analysis 
Filtrate solid 
Retentate solid 
Filtrate liquid (non-defined Mg) 
Retentate liquid (Mg) 
Filtrate liquid (Defined) 
Retentate liquid (Defined) 
acid A(ii) analysis (plate 13). 
Rf Isomeric form of DAP 
0.45 LL 
0.47 LL 
0.45 LL 
0.45 LL 
0.45 LL 
0.45 LL 
0.44 
0.33 
LL 
Meso 
All contained: -L-Glycine (0.33), 
L-glutamic acid (0.4), L-alanine 
(0.49), L-Leucine (0.87) 
Did not contain: - 
L-histidine, L-valine, L-Lysine 
Rf values in brackets 
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Controls (1 mg/mI amino acid) 
Amino Acid Reference Mixture Rf 
Histidine 0.18 
Glycine 0.32 
Alanine 0.50 
Valine 0.74 
Leucine 0.82 
Separate amino acid controls Rf 
Glycine 0.33 
L-Glutamic acid 0.43 
Lysine 0.18 
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TESTS CONTROLS 
Plate 13. TLC illustrating cell wall amino acid content of retentates and filtrates. 
(B) 
Of two organisms tested, one exhibited a difference in susceptibility 
of retentate and filtrate to tunicamycin. 
Table 24: Sensitivity of retentate and filtrate to tunicamycin. 
Concentration 
of Tunicamycir 
mg/ml 
Stable PhenotypE 
Mg Growth 
Media 
Wild-Type 
Mg Growth 
Media 
M4R M41F M5R M51F M6R M61F 
0.01 R R R S(114) R, S(10) R R 
0.05 R S(11) S(11) S(19) R S(16 R S(22) 
0.10 R S(114) S(20) S(22) S(12) !0 S(20) R S(30) 
1.00 S(9) S(22) S(23) S(29 I S(20) S(26 R S(37) 
Key 
M4R: Glucose-limited M4 Retentate 
M4F: Glucose-limited M4 Filtrate 
M5R: Nitrogen-limited M5 Retentate 
M5F: Nitrogen-limited M5 Filtrate 
M6R: Phosphate-limited M6 Retentate 
M6F Phosphate-limited M6 Filtrate 
R resistant to; S= sensitive to tunicamycin 
( antibiotic zone size in mm 
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Retentates and filtrates tested contained the isomeric form of DAP 
and the amino acid glycine (table 23) characteristic of a 
Streptomyces with a chemotype 1 cell wall [Lechevalier et al., 
1971]. TLC was carried out on both hyphae grown in submerged 
culture and spores on solid media. This was because, unlike the 
hyphal wall, the spore wall (known to be insensitive to lysozyme) 
might have had a different composition as indicated by the presence of 
meso-DAP in the aerial mycelium of one Streptomyces spp. [Omura 
et al., 1981]. 
Retentates and filtrates also contained the remaining amino acids 
characteristic of a Streptomyces cell wall i. e. alanine and glutamic 
acid [Barabas et aL, 1980] in addition to leucine (plate 13). 
When the retentates and filtrates were tested against antibiotics 
inhibiting cell wall synthesis, a difference in sensitivity to 
tunicamycin was displayed from one out of the two test organisms. 
The filtrate proved to be more susceptible to tunicamycin than the 
retentate, in all media tested (table 24). It must also be noted that 
the stable phenotype (section 10) showed a greater resistance to 
tunicamycin than the corresponding wild-type when cultured in 
growth media. 
The results could be due to an increased activity of the tunicamycin 
target in the retentate and the stable phenotype. Another possibility 
is the presence of a tunicamycin inactivating enzyme or an alternate 
antibiotic resistant mechanism such as reduced cell permeability to 
the antibiotic. Such resistance may suggest that the retentate is 
producing tunicamycin which is highly unlikely because tunicamycin 
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has a much wider antibiotic spectrum [Takatsuki et aL, 1971] than 
the antibiotic produced from the retentate and the stable phenotype 
(Table 21, variant B, 10.2). 
The fact that the retentate and filtrate showed a difference in 
sensitivity to tunicamycin is further explored in the following 
section (12). 
123 
12 TUNICAMYCIN USED AS A BIOCHEMICAL TOOL TO 
INVESTIGATE CELL WALL DIFFERENCES BETWEEN A WILD- 
TYPE AND STABLE PHENOTYPE STREPTOMYCETE 
12.1 Introduction 
Tunicamycin affects cell wall synthesis by preventing the formation 
of the first lipid intermediate, undecaprenyl-P-P-N- 
acetylmuramyl pentapeptide within the cell membrane [Ward, 
1977]. 
UDP-N-acetylmuramyl pentapeptide + C55P 'ý-* C55P-P-N- Equation 1 
acetylmuramyl pentapeptide + UMP 
(C55P " lipid carrier: isoprenoid alcohol) 
The enzyme catalysing the above reaction is phospho-N- 
acetylmuramyl pentapeptide translocase. 
Because the wild-type shows more susceptibility to tunicamycin 
than the stable pentotype (mutant), it would be useful to determine a 
difference, if any, in translocase activity by designing an 
appropriate experiment. 
Experiment 
It is now known that phospho-N-acetylmuramyl pentapeptide 
translocase also catalyses the exchange of radiolabelled LIMP with the 
non-radiolabelled UMP moiety of the pentapeptide [Struve et al., 
1966; Heydaneck etaL, 1969; Hammes and Neuhaus, 1974]. 
3H] UMP+UDP-N-acetylmuramyI enzyme UMp+[3H] UDP-N-acetylmuramyl Equation 
pentapeptide M22+ý pentapeptide 2 
Translocase activity can be determined by incorporating the above 
reactants in a straightforward assay. The products formed are 
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separated using HPLC and the appropriate fractions counted for 
radioactivity. 
12.2 Materials and Method 
1 2.2.1 Preparation of membrane containing enzyme. 
[Modification of Strominger et al., 1966] 
Organism used : Wild-type and stable phenotype strains. 
Culture conditions: Each strain was inoculated into a seed culture 
(Mg) and shaken (220rpm : 300c) for several days before a 5% 
inoculum was added to a second growth medium, peptone yeast extract 
glucose, PYG, (appendix 3). Samples were taken regularly and the 
optical density (01D) was followed at 600nm until an O. D. value of 
between 0.7 and 1.4 was obtained. 
Membrane Preparation: Cells (1.5L) from each strain were 
centrifuged at 1,610g for 30 minutes. The pellet was re-suspended 
in phosphate buffer (0.03M K2HP04.3H20,0.03M NaH2PO4.2H20, 
pH 6.8) and centrifuged again (1,610g) for 30 minutes. All 
subsequent steps were carried out at 40C. 
Washed cells were ground in a pre-cooled mortar with three times 
their wet weight of levigated alumina (Sigma, A2039). Cells were 
resuspended in 0.05M Tris HCI, pH 8.0 buffer (0.05M Trizma base 
(Sigma)), 0.01M MgC12,0.001M 2-mercaptoethanol (Sigma TIVIM) 
and centrifuged at 3,295g for 10 minutes. The supernatant was 
saved. A further wash of alumina/cells was carried out and the 
supernatants pooled before centrifuging at 3,295g for 10 minutes to 
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remove any remaining alumina. The supernatant was then 
centrifuged at 50,000rpm (Beckman L550B ultra centrifuge) for 
30 minutes. The membrane pellet was washed 3 times with 
magnesium free 0.05M Tris HCI buffer with ultracentrifugation 
between each wash. The final washed membrane was resuspended in 
0.025M Tris HCI buffer, pH 8.0 (0.025M Trizma base, 0.01 M 
MgC'2,0.001M 2-mercaptoethanol) before storing at -200C. 
Storage: For long term storage liquid nitrogen preservation would be 
necessary. 
Protein determination: Protein concentration was determined 
(appendix 11) prior to use. The protein concentrations for the 
wild-type and mutant were 23.2mg/ml and 20.2mg/mI 
respectively. 
1 2.2.2 The Exchange Reaction 
The reaction mixture contained 0.21 M KCI, 0.05M Tris HCl. pH 7.8, 
0.042M MgCl2' 20 gg/ml tunicamycin (or equivalent water blank) 
3.33 x 10-5M [3H] (36Ci / mMol) UMP, 60 gg of pre-incubated 
membrane fragments and 1.84 nmoles UDP-N-acetylmuramyl 
pentapeptide (appendix 12) in a total volume of 75 gl. 
The incubation was carried out at 280C for 16 minutes and 
terminated by boiling for 2 minutes. 
Each sample was filtered through a 0.45 Gelman, Acro, LL 3S HPLC 
filter assembly after adding 75ld of 0.03M KH2PO4- 
The products (UMP and UDP-N-acety[muramyl pentapeptide) were 
then separated on a HPLC spherisorb SAX 5U anionic exchange 
column (Jones Chromatography Ltd) (12.2.3). 
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Controls 
Positive -A membrane preparation of Micrococcus lysodeikticus 
(kindly supplied by I. C. I. Phamaceuticals) known to carry out all 
stages of cell wall synthesis and thus contained the translocase. 
Negative - Inactivated translocase by boiling a membrane 
preparation of Micrococcus lysodeikticus. 
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1 2.2.3 HPLC Operation 
Components 
Gilson 802C manometric module 
Gilson 303 pump 
Gilson 111 B U. V. detector 
Gilson 201 fraction collector 
Gilson 201-202 fraction controller 
Gilson Ni flat bed recorder 
Test Conditions 
Temperature (OC) Ambient 
Flow Rate (ml/min) 1.0 
Pressure Kpsi 1.39 
Sample volume (gl) 100 
Wavelength, nm 254 
Range (AUFS) : 0.2 
Mobile Phase : 0.03M KH2P04 
Before use, all solvents were passed through a 0.45g Whatman filter 
and a GF/F glass microfibre (Whatman) filter to degas, using a 
Buchner apparatus. 
A baseline was established with the chosen solvent i. e. 0.03M 
KH2PO4 before separation of nucleotides was attempted. A standard 
containing non-radiolabelled UMP and non-radiolabelled UDP-N- 
acetylmuramyl pentapeptide was injected onto the column to 
determine order and approximate times (254nm) that products came 
off. These times were used as a guide for test sample separation so 
fraction controller could be programmed accordingly. Test samples 
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were then injected onto the column (clearing load position with 
water between each sample) and the fraction controller programmed 
to dispense fractions every 7.8 seconds. From each sample 2x 96 
fractions (0 to 24.96 minutes) were collected in microtitre plates. 
100ýd from each fraction was injected into a vial containing 3mls of 
liquid scintillation fluid (Beckman Ready Valve Cocktail for tritium 
labelled counting) before counting on a Rack-Beta Scintillation 
Counter (model 1217-001, LKB Wallac). A programme that 
counted tritium labelled material per minute was used. After use, 
the column was washed and stored overnight with 50% methanol 
(HPLC use) 50% water. 
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12.3 Results (figures 15 to 19) and Discussion 
Although the exchange reaction did not appear to take place Le. the 
UDP-N-acetylmuramyl pentapeptide displayed no radioactivity, 
there was a great loss in UMP radioactivity from the positive 
control, mutant and to a lesser extent wild-type than the negative 
control and tunicamycin treated samples (figures 15-19). 
The reaction proceeded more quickly in the mutant than the wild- 
type (figures 15 and 19) whilst the latter proved more sensitive to 
tunicamycin than the mutant (figures 17 and 19). 
The fact that tunicamycin (known to prevent the formation of the 
first lipid intermediate by competing with the translocase for N- 
acetylglucosamine) has reduced the loss in radioactive UMP (figures 
17 and 19), indicates that UDP-N-acetylmuramyl pentapeptide 
translocase has indeed been operating, causing a loss in UMP (figures 
15 and 19). The mutant, therefore, had greater translocase activity 
than the wild-type. 
It is possible that the lack of radioactivity in the UDP-N- 
acetylmuramyl pentapeptide was due to the radioactive UMP having 
already exchanged with the unlabelled UMP moiety of the 
pentapeptide. The remaining cold UMP may have shunted off to 
another reaction resulting in the promotion of the forward reaction 
to form the lipid carrier (equation 2 to 1). Thus, radioactivity from 
the pentapeptide would have dissipated. 
The mutant having a more efficient translocase than the wild-type 
would inevitably lead to a stronger cell wall in the mutant, which 
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would be more resistant to fragmentation and thus produce antibiotic. 
Rokem and Hurley [1981] found that an intact cell wall was needed 
for antibiotic biosynthesis whilst Szabo et aL [1986] noted that 
mycelia of the cell wall of Streptomyces stored the producing 
antibiotic. 
The hyphal enrichment process (sections 3 and 10), therefore, 
seems to have selected a strain with increased translocase activity 
whose cell wall has then the required properties to survive liquid 
culture which has ultimately resulted in antibiotic production. 
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III. GENERAL DISCUSSION 
From the several techniques used in this study to promote antibiotic 
production, from "agar only" strains, (sections 3,7,8 and 9) the 
filtration hyphal screen proved the most successful. 
Here, long filamentous forms (retentates) resulted in antibiotic 
production in liquid culture in contrast to the non-antibiotic- 
producing fragmenting forms (filtrates). Retentates proved to have 
much slower growth rates than the respective filtrates (section 5). 
The bioreactor experiment (section 8) confirmed this, where a 
retentate also displayed a much slower glucose consumption than the 
corresponding filtrate and wild-type. It was interesting to note the 
comparison in growth and glucose consumption of the wild-type and 
filtrate. Such comparisons suggest that the wild-type largely 
comprises a filtrate-type population which in normal shake-flask 
culture, would probably outgrow the slowly-growing, filamentous 
retentate-type form. The very quickly-growing filtrate resulted in 
mycelial fragmentation and no antibiotic production. The hyphal 
screen selects for a filamentous population which then appears to be 
resistant to the agitational forces exerted during shake-flask 
culture. Antibiotic production is then, thus, accomplished. 
Although the mycelial morphology of the retentate was different to 
that of the wild-type and filtrate, colonial morphology (MYA) for all 
three appeared the same. The growth rate has a very important role 
to play in antibiotic production. It has been noted that antibiotic 
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production is subject to growth rate regulation where generally 
antibiotic synthetases occur either during the idiophase [Vanek et 
al., 1988] or during the growth ("trophophase") of a slowly growing 
organism. [Chatterjee et al., 1983]. Generally in 11agar only" 
strains antibiotic synthetases are likely to have appeared during the 
slow growth of such organisms (eg. section 5). 
The two, stable phenotypes (section 10) exhibited retentate-type 
morphologies and produced antibiotic under normal shake-flask 
culture. The phenotypes not only differed from the respective wild- 
types, in colonial and mycelial morphology but also displayed slower 
growth rates on solid media. It seems that stable phenotypes (unlike 
retentates) did not revert to the wild-type strains on solid media. 
These results indicate the occurrence of spontaneous mutations. 
The mutations have possibly resulted from the combined selective 
pressures of the hyphal screen and the defined medium used. It must 
be noted that defined medium alone did not initiate antibiotic 
production in "agar only" strains. However, diluted defined media 
(section 7) resulted in antibiotic production and a slower growth 
rate from test organisms. It is possible that mutations, resulting in 
slow growth on complex solid medium, have caused the inactivation of 
a dispensable biosynthetic pathway resulting in auxotrophy. (The 
most common growth factors that may become required as a result 
are amino acids, purines, pyrimidines and vitamins). A change in 
substrate preferences would initiate the formation of catabolic 
enzymes which would enable the use of less preferred substrates. 
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At this time, defense and survival systems (eg. antibiotic synthesis) 
would probably be activated. Kalakoutskii and Nikitina [1980] 
thought that the establishment and development of phenotype 
diversity in parental cultures was a gradual process which took some 
time and was affected by several genes. 
One of the mutants also exhibited greater phospho-N-acetylmuramyl 
pentapeptide translocase activity than the respective wild-type 
(section 12). 
This enzyme catalyses the first in a series of reactions resulting in 
the formation of part of the cell wall and, thus, has a very important 
role to play in cell wall synthesis. This increase in enzyme activity 
would likely result in a more rigid cell wall which would then ensure 
greater resistance to mechanical damage incurred during shake-flask 
culture and thus allow antibiotic synthesis to occur. It is likely that 
the mutant, when grown on solid media, also has increased levels of 
the translocase during its long life-cycle. Brown etaL [19901 made 
an interesting observation when the addition of N-acetylmuramic 
acid resulted in the inhibition of spore germination in Bacillus 
cereus. The increase in cell wall synthesis in the mutant would 
correspond with an increase in N-acetylmuramic acid which would 
possibly explain the late onset of sporulation on solid media (section 
10). 
It seems in the case of "agar only" strains a filamentous morphology 
(with a minimum filament length of approximately 13 
gm), resistant to agitational forces, is desirable for antibiotic 
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production in liquid culture. This minimum filament length 
parallels the filamentous morphology that has been associated with 
slowly-growing organisms (sections 5 and 7) where branching was 
suppressed, likely due to nutrient deprivation, which then resulted 
in antibiotic production. Fragmented and highly branched mycelia 
(sections 3 and 7) are obviously not the morphology of choice for 
antibiotic production in liquid culture from "agar only" strains. 
It is possible that antibiotic production is initiated to protect the 
substrate myceliurn from lysing during its long growth. Indeed, the 
probable origin of secondary metabolic systems by random forward 
evolution of biochemical reaction sequences [Zahner et aL, 1983] 
makes it likely that they serve numerous purposes. 
Pathways created through a combination of new catalytic activities 
arising from chance genetic events and activities mediated by 
nonspecific primary enzymes may have proven beneficial for a 
variety of reasons and their synthesis thereby fixed in the genotype 
by selection. Thus, it is most improbable that there is one global 
function for all of secondary metabolism. 
The results from this study indicate the great affect mycelial 
morphology (which appears to depend on the life cycle) has on 
antibiotic production. 
Antibiotic production in liquid culture from "agar only" strains has 
been accompanied by a slow growth rate. It seems that under some 
growth conditions viability can only be maintained by an organism 
(eg. retentate and stable phenotype) compromising and accepting a 
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lower than maximum yield. The occurrence of antibiotics in such 
organisms growing quickly is unlikely as growth is of paramount 
importance to microorganisms and would have priority over 
secondary metabolism as has occurred in the filtrate form. 
I conclude that the hyphal screen has selected slowly-growing 
filamentous forms and in doing so has enhanced mechanical resistant 
properties and thus anti biotic-produci ng abilities in liquid culture. 
These forms upon continuous selection have then appeared to mutate 
where original phenotypic characteristics of the wild-type strain 
have not been regained on solid media. 
Results from this study not only indicate the potential of novel 
antibiotic discovery but also highlight the ability to manipulate these 
organisms. 
A greater knowledge of the genetic control of antibiotic production in 
such strains, in addition to the environmental control of antibiotic 
production and morphology, would not only undoubtedly further 
assist in novel antibiotic discovery but would also lead to a further 
understanding of these very complex prokaryotes. 
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IV APPENDICES 
Appendix 1 
Relative Importance of Anti bioti c-Produ ci na Organisms 
(Bushell. 1983). 
Microorganism 
Bacteria 
Fungi 
% of total 
antibiotics 
described 
Pseudomonadaceae 1.3 
Bacillaceae 7.0 
Other eubacteria 1.7 
Penicillium 4.1 
Aspergillus 3.0 
Fusarium 1.2 
Cephalosporium 0.8 
Other fungi imperfecti 5.4 
Basidiomycetes and Ascomycetes 5.0 
Lichens and Algae 0.8 
Actinomycetes 69.7 
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Appendix 2 
Factors influencing the yield of secondary metabolites 
Cultivation technique 
Fermenter design 
Oxygen transfer 
Process kinetics 
Temperature 
pH 
2. Strain 
Growth rate 
Morphology of the strain 
in the fermentation process 
Stage of growth - cycle in 
which the product appears 
Sensitivity to shear forces 
3. Genetics 
Gene dosage effects 
Plasmid participation 
Promoter mutation 
Stability of the involved genes 
4. Properties of the secondary metabolite 
Physico - chemical stability 
Stability to enzymes of the 
producing cells 
5. Medium composition 
C sources 
N sources 
P sources 
Trace elements 
Antifoam 
Precursors 
Additives, effectors, stimulators 
6. Regulatory effects influencing the 
precursor supply 
Growth kinetics influencing 
the precursor supply 
Carbon catabolite repression 
Nitrogen catabolite repression 
Phosphate repression 
Methods to improve the supply 
Growth limitation by starvation 
of some nutrients 
Use of a slowly metabolizable 
carbon source 
Slow feeding of the carbon source 
Use of a slowly metabolizable 
nitrogen source 
Slow feeding of the N source 
Addition of magnesium phosphates 
to form NI-14 complexes 
Selection of arsenite resistant 
mutants 
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Induction 
Toxicity on the producer 
Excretion 
Feedback regulation by primary 
metabolites 
Feedback regulation by the 
secondary metabolite itself 
- Search for inducers 
- Search for resistant mutants 
- Addition of surfactants' 
Mutation in fatty acid biosynthesis 
- Search for analog ue-resistant 
mutants 
144 
Appendix 3 
Media Preparation 
Malt Yeast Agar 
Malt extract 
Yeast extract 
Glucose 
Agar 
p. H. 
M3 [Rowbotham and Cross, 1977] 
KH2PO4 
Na2HP04 
KN03 
NaCl 
MgS04.7H20 
CaC03 
Sodium propionate 
Cycloheximide 
Thiamin 
Agar 
g/l 
10 
4 
4 
18 
7 
g/l 
0.466 
0.732 
0.100 
0.290 
0.100 
0.020 
0.200 
0.050 
0.004 
18.000 
gg/l. 
FeS04.7H20 200 
ZnS04.7H20 180 
MnSO-4H20 20 
pH : 7.0 
A solution containing cycloheximide and thiamin was sterilised by membrane 
filtration and added to the autoclaved and cooled agar medium to give the final 
concentrations specified. 
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g/l 
ma 
Pharmarnedia 
Glycerol 
Glucose 
M2 
Pharmamedia 
Soluble starch 
L-glutarnic acid 
MYB : as MYA but without agar. 
M4 
Na2HP04 
KH2PO4 
MgS04.71-120 
NH4NO3 
Glucose 
+1 ml trace solution 
Trace solution 
FeCl3 
ZnSO4 
MnSO4 
COC12 
Na2MOO4 
U5 
Na2HP04 
KH2PO4 
M9SO4.7H20 
NH4NO3 
Glucose 
+1 ml trace solution 
20 
10 
5 
20 
25 
1 
4.2 
2.8 
0.2 
7.0 
10.0 
2.0 
0.2 
0.2 
0.8 
0.3 
4.2 
2.8 
0.2 
2.0 
25.0 
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g/l 
M6 
MgS04.7H20 
NH4NO3 
Glucose 
+1 ml trace solution 
PYG 
Peptone 
Yeast Extract 
Glucose 
0.2 
7.0 
25.0 
g/l 
5.0 
5.0 
10.0 
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Appendix 4 
Distribution At_y 
Probability, P. 
Degrees 
of 
Freedom 0.99 0.98 0.95 0.90 0.80 0.50 0.20 0.10 0.05 0.02 0.01 0.001 
1 0.000 0.001 0.004 0.016 0.064 0.455 1.64 2.51 3.84 5.41 6.64 10.83 
2 0.020 0.040 0.103 0.211 0.446 1.386 3.22 4.61 5.99 7.82 9.21 13.82 
3 0.115 0.185 0.352 0.584 1.005 2.366 4.64 6.25 7.82 9.84 11.35 16.27 
4 0.297 0.429 0.711 1.064 1.649 3.357 5.99 7.78 9.49 11.67 13.28 18.47 
5 0.554 0.752 1.145 1.610 2.343 4.351 7.29 9.24 11.07 13.39 15.09 20.52 
6 0.872 1.134 1.635 2.204 3.0705.35 8.56 10.65 12.59 15.03 16.81 22.46 
7 1.239 1.564 2.167 2.833 3.8226.35 9.80 12.02 14.07 16.62 18.48 24.32 
8 1.646 2.032 2.733 3.490 4.594 7.34 11.03 13.36 15.51 18.17 20.09 26.13 
9 2.088 2.532 3.325 4.168 5.3808.34 12.24 14.68 16.92 19.68 21.67 27.88 
10 2.558 3.059 3.940 4.865 6.1799.34 13.44 15.99 18.31 21.16 23.21 29.59 
113.05 3.61 4.58 5.58 6.99 10.34 14.63 17.28 19.68 22.62 24.74 31.26 
12 3.57 4.18 5.23 6.30 7.81 11.34 15.81 18.55 21.03 24.05 26.22 32.91 
13 4.11 4.77 5.89 7.04 8.63 12.34 16.99 19.81 22.36 25.47 27.69 34.53 
14 4.66 5.37 6.57 7.79 9.47 13.34 18.15 21.06 23.69 26.87 29.14 36.12 
15 5.23 5.99 7.26 8.55 10.31 14.34 19.31 22.31 25.00 28.26 30.58 37.70 
16 5.81 6.61 7.96 9.31 11.15 15.34 20.47 23.54 26.30 29.63 32.00 39.25 
17 6.41 7.26 8.67 10.09 12.00 16.24 21.62 24.77 27.59 31.00 33.41 40.79 
18 7.02 7.91 9.39 10.87 12.86 17.34 22.76 25.99 28.87 32.35 34.81 42.31 
19 7.63 8.57 10.52 11.65 13.72 18.34 23.90 27.20 30.14 33.69 36.19 43.82 
20 8.26 9.24 10.85 12.44 14.58 19.34 25.04 28.41 31.41 35.02 37.57 45.32 
21 8.90 9.92 11.59 13.24 15.45 20.34 26.17 29.62 32.67 36.34 38.93 46.80 
22 9.54 10.60 12.34 14.04 16.31 21.34 27.30 30.81 33.92 37.66 40.29 48.26 
23 10.20 11.29 13.09 14.85 17.19 22.34 28.43 32.01 35.17 38.97 41.64 49.73 
24 10.86 11.99 13.85 15.66 18.06 23.34 19.55 33.20 36.42 40.27 42.98 51.18 
25 11.52 12.70 14.61 16.47 18.94 24.34 30.68 34.38 37.65 41.47 44.31 52.62 
26 12.20 13.41 15.38 17.29 19.82 25.34 31.80 35.56 38.89 42.86 45.64 54.05 
27 12.88 14.13 16.15 18.11 20.70 26.34 23.91 36.74 40.11 44.14 46.96 55.48 
28 13.57 14.85 16.93 18.94 21.59 27.34 34.03 37.92 41.34 45.42 48.28 56.89 
29 14.26 15.57 17.71 19.77 22.48 28.34 35.14 39.09 42.56 46.69 49.59 48.30 
30 14.95 16.31 18.49 20.60 23.36 29.34 46.25 40.26 43.77 47.96 50-89 59.70 
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Appendix 
Scanning Electron Microscopy 
rep a rat ion 
A Fixation [williams et aL, 19731 
3% glutaraldehyde and 0.1 M sodium cacodylate 2-4 hours 
Buffer (sodium cacodylate) :2x5 mins 
B) Dehydration 
I 
1.30% acetone 15 mins 
2.50% acetone of 
3.70% acetone It 
4.90% acetone of 
5.100% acetone to 
6.100% acetone under NaHS04 (x2) of 
C Critical Point Drying (E3000 Critical Point Dryer, Bio- 
rad) 
Procedure 
1 Tissues were placed in baskets taking care not to allow drying : this 
operation should be carried out under the solvent. 
2. A transfer boat was filled with acetone (transfer liquid) and baskets 
placed in this. 
3. The chamber was cooled to 201C with cold water. 
4. After placing the specimen boat in the chamber the door was closed 
and the inlet valve opened. The vent valve was opened to avoid back 
pressure. 
149 
5. To maintain the liquid level the inlet valve was left fully open with 
the vent valve slightly open. The drain valve was then opened to 
remove the substitution liquid. This "flushing" action was carried 
out for 4 minutes. 
6. After flushing the bulk of the substitution liquid, the chamber was 
filled with C02 and all valves were then closed. This was left for one 
hour to allow impregnation. 
7. Operation 5 was repeated. 
8. The inlet valve was closed and the level of liquid allowed to fall to 
about the level of the top of the boat. 
9. The drying run was completed by heating slowly to 36-380C with all 
valves closed. 
10. Carbon dioxide gas was carefully vented, avoiding condensation 
effects. 
11. Tissues were removed from the chamber and then specimens mounted 
on microscope stubs. 
Microscopy 
After gold coating (E150 Edwards Sputter Coater) for 2 minutes, 
stubs were outlined with a colloidal silver suspension (Electrodag 
915) in order to transport electrons away from the sample and thus 
prevent specimens from charging. The stubs were then placed into a 
Cambridge Stereoscan S230 and tilted at 450 before morphological 
examination proceeded. 
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Appendix 6 
Selection of retentate-type morphology (3.21 
Inoculum 
3ml 
IF v 
MYB M4 
(Complex) (C. Ltd) 
Small 
I 
I 
M5 
(N. Ltd) 
I 
pliquot for antibiptic 
I I 
Filtration through linen filters 
y 
M6 
(PO Ltd) 41 4 days 
1 30 OC (220 
1 rpm) 
assay I 
I 
IF -6- IF YVYYY 
MYB R MYB F M4 R M4 F M5 R M5 F 
SM&II aliqUot for I antibiotic assaf 
0 
Mg - 30 2 days (220rpm) 
M6 R M6 F 
II 
4 days 
30 cb 
and I SEM 
fffffff 
FILTRATION 
Continuation R/F filtrations e. t. c. 
(R = retentate ;F= filtrate) 
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Appendix 
Linen pore size dimensions (4m). calculated using 
an eyepiece graticule on a Vickers light microscope 
x2 Linen (jim I x4 Linen (11W 
1.344.44 x 333.33 1.244.44 x 200.00 
2.400.00 x 333.33 2.255.56 x 211.11 
3.366.67 x 277.78 3.266.67 x 166.67 
4.366.67 x 277.78 4.277.78 x 211.11 
5.366.67 x 277.78 5.288.89 x 211.11 
6.355.56 x 277.78 6.294.44 x 222.22 
7.355.56 x 277.78 7.288.89 x 266.67 
8.377.78 x 277.78 8.288.89 x 266.67 
9.366.67 x 277.78 9.222.22 x 188.87 
10.344.44 x 288.89 10.233.33 x 211.11 
11.355.56 x 266.67 11.272.22 x 233.33 
12.366.67 x 266.67 12.288.89 x 244.44 
13.366.67 x 277-78 13.277.78 x 266-67 
14 377.78 x 333.33 14 300.00 x 211-11 
15.322.22 x 255-56 15.222.22 x 172-22 
16.322.22 x 266-67 16.222.22 x 172-22 
17.383.33 x 300-00 17.222.22 x 200-00 
18.366.67 x 277.78 18.244.44 x 200-00 
19.355.52 x 311-11 19.255.56 x 211-11 
20.344.44 x 322-22 20 311.11 x 222.22 
21.311.11 x 266.67 21.266.67 x 244-44 
22.361.10 x 283-33 22.288.89 x 211-11 
23.377.78 x 300-00 23.238-89 x 202-22 
24.377.78 x 311.11 24.253-33 x 211-11 
25.322.22 x 266-67 25.273-33 x 221-11 
26.333.89 x 300-00 26.288-89 x 200-00 
27.349.97 x 266.67 27.266.67 x 194.44 
28.388-89 x 288-89 28.261.11 x 231-11 
29.305.56 x 261.11 29.273.33 x 211.11 
30.338.89 x 286.67 30.244.44 x 200-00 
Average Pore Size- Dimensions (um) 
x2 Linen (11m) x4 Linen (Um) 
355.76 (SD23.26) x 286.96 (SD22.19) 264.44 (SD25.45) x 213.85 (SD25.57) 
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Appendix 8 
Antibiotic detection (solid and liquid culture) 
and Filtration of (A) Neutrophilic and 
(B) Acidophilic Streptomycetes (see 2-2) 
(A) 
Organisms (30) producing antibiotic activity on solid media were subjected to 
a shake flask experiment and then a further 5 exhibiting a loss in activity 
from solid to liquid culture were tested in the filtration experiment. 
Results 
Figures 
Total antibiotic activity (No. zones) from retentates and filtrates (3 
filtrations) using bacterial challenge organisms (1.3). 
Retentates Filtrates 
No. of Zones 
106 
Statistical Analysis Chi-squared 
No. of Zones 
18 
Total number of observed and expected antibiotic zones from retentates and 
filtrates. 
Retentates Filtrates 
Observed 106 18 
Expected 62 62 
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X2 = 62.5 Degrees of Freedom =1 . *. probability <0.001 Le null hypothesis 
(no significance between activity from retentates and filtrates) was rejected. 
Thus, there was a significant difference between activity (No. antibiotic 
zones) from retentates and filtrates i. e. greater antibiotic production from 
retentates. 
(B) 
Organisms (11) producing antibiotic activity on solid media were subjected to 
a shake flask experiment and then a further three exhibiting a loss in activity 
from solid to liquid culture were tested in the filtration experiment. 
Results 
Figures 
Total antibiotic activity (No. zones) from retentates and filtrates (3 
filtrations). 
Retentates Filtrates 
No. ofzones No. ofzones 
55 11 
(Antibiotic activity was exhibited against three bacterial challenge organisms 
only, in the droplet experiment). 
Statistical Analysis Chi-squared (1.4) 
Total number of observed and expected antibiotic zones from retentates and 
filtrates. 
Retentates Filtrates 
Observed 55 11 
Expected 33 33 
X2 = 29.3 Degrees of freedom =1 . *. probability < 0.001 
i. e. null hypothesis 
(no significance between activity from retentates and filtrates) was rejected. 
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Thus, there was a significant difference between activity (No. antibiotic 
zones) from retentates and filtrates i. e. greater antibiotic production from 
retentates. 
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Appendix 9 
Dry Weight Method 
Membrane filters (0.22gm, millipore) were dried in a microwave (P. L. 9,3 
minutes) and left to cool in a desiccator. After weighing, filters were washed 
in 0.01% (v/v) Tween 80 and placed in the filter unit (Millipore). Distilled 
water (2 X 10 CM3) was used to rinse the filter before 10CM3 of fresh 
culture sample was passed through. After a further wash (3 x1 OCM3 
distilled water) filters were removed, dried (P. L. 9,4 minutes), cooled and 
then weighed. 
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Appendix 10 
0.6 
0.5 
Abs 0.4 
505nm 
0.3 
0.2 
0.1 
Standard Curve of Glucose Concentration 
150 300 450 
gg/ml glucose 
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Stds 
750g g=0.592 
600g g=0.471 
450g g=0.330 
300g g=0.251 
150g g=0.092 
600 750 
Appendix 11 
Protein Estimation 
Protein (mg/ml) was estimated using a Coomassie Protein Assay from Pierce 
and Warriner (U. K. ) Ltd. (A modification of Bradford, 1976). 
Calibration Curve. 
2.6 
2.4 
2.2 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
III 
-- 
I 
125 250 500 750 1,000 
gglml Protein 
Wild-type - Absorbance 0.961 231gg/ml, dilution 
factor 1/100 = 23.1mg/ml 
Mutant - Absorbance 0.872 200gg/ml, 
dilution factor 1/100 = 20. Omg/ml 
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Appendix 12 
Preparation of LIDIP-N-acety1murarnyl Pentapepticle 
N. B. UDP-N-acetymuramyl and adding enzymes were kindly provided by ICI 
Pharmaceuticals 
ReacteAn 
Order Mixed 
1. Water 
2. Tris HCI (48.3mg/ml)/K2HP04 (13.95mg/ml) pH 8.35 
3. L-ala/DGIu/L-lys (1 mg/ml) 
4. ATP (24.2mg/ml) 
5. UDP N-acetylmuramyl (10mg/ml) 
6. D Cycloserine (8.2mg/ml) 
7. MnC12 (5.4Mg/Mi)/MgCI2 (16.3mg/ml) 
8. D-ala-Dala (2mg/ml) 
9. Staphylococcus aureus adding enzymes 
Volume (gl) 
600 
1,000 
500 
500 
500 
300 
500 
500 
60 
Total 5,000 ul 
After mixing well and incubating for 1 hour at 370C, 1 ml of cold 
30% TCA was added. The reactant mixture was then kept on ice for 
10 minutes. 
2. After centrifugation the supernatant was transferred to another tube 
before 2.5ml of a 20% w/v charcoal suspension was added. 
3. The solution was left to mix for 1 hour at room temperature before 
centrifuging and discarding the supernatant. 
4. The charcoal was washed 3 times with 0.1 M ammonium acetate. 
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5. The charcoal was washed 3 times with water before eluting from the 
charcoal with 5mls of ammonical ethanol (50/50 ETOH/H20 ' 1ml 
ammonia) three times. 
6. Eluates were pooled and filtered through a 0.45g millipore filter 
before rotor evaporating liquid off. 
7. The preparation was freeze dried and then reconstituted in 250gl of 
0.025M Tris HCI buffer. 
(N. B. All centrifugations : 3,200g for 2 minutes) 
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